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GLO]'ORIVO[.CGY OF TVE LAKE MICHILGN SVO'LII`

I NTRODUCTI ON

The Prolect

Proposal. In October, 195! WilliamN E. Powers nr'oposed, with the endorse-

ment of appropriate officers of Northwestern Univeroity, a nroject for

studying the shoreline of Lake l'ichigan. This project, entitled "Lake Eichigan

Shore Erosion and Goonorphology Project," was submitted to the Office of

Naval Research, U.S. Department of the Navy, with a request for equirment and

fund.s to carry on field work for 2 summers, and office work, correspondonce,

research, and drafting necessary to prepare aT r-> .. to. r.nort3 of progress,

summary reports, and a final renort on the findings of the study. The nro-

posal was apprcved by the Office of Naval Research as Project %o. NR 287-01 5 ,

and in Narch 1957, Contract No., Nonr-1223(07) was ncpotiated between the

Department of the Navy and Northwestern University to sunport the project for

a muriod of one year bepinning Tarch 15, 1956. Prclininnry studios and

organizational work lcd to a successful propram of field study during the

summcr of 1956. Early in 1957 the )rojoct was apnrovcd for uxt~nsion during

a second y-..ar as oriqinslly rcqu,.sted, and in April 1957 th.; Du'yirtment of the

Navy entorAd tnto such oxtcrnsion of Contract Nonr-1228(O7) to l arch 14,

1958. A second sume, r of fi-]d work and a second yedr of office work,

research, and pr,:puru`ion of r ports wu nrovidud for.

2k.L~giLvk . Thu nronoQ i rot , th1i stuldy at,,. irr,.i. t rom Clh, n.,, d for mrr,

cowplht, undcrstanding of th charact,.oristics mnd l:,v, loin nt of th, shor. lin,:s

of larg inlbnd lak.s,. 3uch shor:lin,.s pr,'s3.nt a largý. v.;ri ty of shor,

f(.3tur's Ind conditions, ;:hich -.r.: of gr,.at influ.nc, on -. l .sp cta of man's

usc of th, shorrn. In plicc:s th,: continuing proc-s.tio ot' Thor fin d v, loprnnt --

such -, th, r,'trrtt or r trograd,,tion of a bluff und, r wmv- ero5ion -- h,-v.
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made it difficult and e:wpensive for man to maintain his use of the shore

areas. Both the kinds and associations of shore features on Lake :.Iich-gan, and

their developmental processes, have their counterparts in other large inlaid

lake shores. Thus goverrmental cr military operations elsewhere can benefit

by a clear umderstanding anid description of Lake Michigan shore features.

Individuals and municipalities who own shore properties are also in a :osition

to benefit by the results of this study project.

Specifically, four objectives were set up:

1. To identify the diverse shoreline features of Lake I.Iichigan, and to

set up types and associationS into which they may be grouped. To accomplish

this, it was proposed to map, on foot or by automobile, the entire shoreline

of Lake ":ichigan except (1) the Illinois shoreline (Lake and Cook Counties),

and (2) the shoreline of Milwaukee County, Wisconsin. Beth of these areas are

comprehensively described in recent reports of the U.S. Army, Corps of Engineers.*

.;- - - -- - - - - - - - - - - -- - --- -- - - -- - - - - - - --- - - - - - - -

* Illinois Shore of Lake Michigan, Beach Erosion Control Study, by U.S.
Army., Corps of Engineers: 83d Congress, ist session, House Document No. 28,
1953.

Beach Erosion Study, Lake Michigan Shoreline of Milwrauhee County, Y1isconsin,
by U.S. Army, Corps of Engineers: 79th Congress, 2nd Session, House of Rep-
resentatives Document No. 526, 1946.

City of Kenosha, v'isconsin, Beach Erosion Control Study- 8Lth Contress,
2nd Session, House Document No. 273, 1955.

Other control studies on Lake Michigan by the U.S. Army, Corps of

Engineers, arý :

Racine Count -- y, *.isconsin, Beach Erosion Control Study: 83d Congress,

Ist Session, House Document No. 88, 1955.

2. To appraise and measure shore developments now going on, including the

total past changes duo to such processes. More specifically, to identify

shoreline areas of retrogradation and progradation; to measure if possible



:f
-Lhe r-teof such chcxi~e3; -ýnd to determine ir.hether such chr'.n-es P~roceed -,t

uniform rneYihraspec`L.t timie, or occur in a~ non-uniifornm pittern rela.ted

to cyc'les of like levels, unusuJ.1 storms, etc.

3. To sunmn.rine and -resent in ipproprin'te reports inform.nrticn on shore

fen.tures rýnd -)rocesseo, so that future chuaiges cr-.n be f.ntici-pcted.

4. To develo: m ethods of n-,),1ying the findings concerning the L:..11e

llichignn shoreline to n.n underst!ýnding of the shores of laýrge inla.nd l.--lze. in

other --:ýrts of the -ecrld.

Field 17ork. Field studies were cv~rried on by the director from June to

September, 1956, a~nd from Juno to -'uus. 1957. During 1956 he wras ý'.bly

cisoistc-` by l-. 'rold .k 'ntcrrs nnd 11r. John 'K iunstmrnnn, grrc(urite students

in the Dey'.rtnent of Geogrýýphy, Northim-estern University. In 19157, 11r. Yýinters

olne served a.s field. n'ssist!ýnt.
Durin- fied wor

C;1in fild¶k the director and his ýszsistr.nt-- inspected. the entire.

shoreline of L'ke 1UichiE!ý.-'.r. a.t interv.-ls of one -milo or loss,, v-rith fe~r

-------------------- --- ----------------------------------- --- ------
*Here-ý:.ter in this report, the expression ltI,,ý'Ae 14ichig".n shorelin~e" Avxll be

understood to rcfor to tho enti're shore of the 1l-.ke o-xclu~sive of ~iwue

---------------------------------------------------

o::cs-ptions, :'icold 7r7.p-in,3 Y!!7s done on rxtl ~hotogr-ý.hs -)rocurz,,d lftom the

U.S. DI)-.-rtrncnt of '.Friculltur-., Iroduction '.nd -'ir'kotirr, Division. Tlicso

-?hotos on ,. sc!.l,. of %.)proxzim.-'toly 1-20.,000 served( r~s -:ýo~ora-~s; -ne. in comn-

pleto stcrcoo vr.e thc~y m-.rio i:ossiblu the )oinrrt',:,ion of thc

shorclinc bct'r7ccn 7'oints visiteud. All ,ýv'.-1-blu to- ogrr-)hic !.nd a-n~ixi.tric

wrnps of thu. shorclinc w(.r%; -rocur,ýd r'.nd m,ýdo usci of. A',?,xo~Jimn t,-y LkC

por cont of thcQ shor-l.ine i:; cov~rudl by to-,)ogr%.*)hic mi-ps (T-ýblh I). For oth,..r

~r-.,county m, ?s civing th.. -ov.-rmonnt Toi,,ohi,, 'nd R-ngc; SySt~..m -nd th'.

ro~d , -tturn ,,c.r-. v,.ry us...fulo pyrticulhrly by furr-ishinL~ ,n intci'rt~t-1on of.
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the roads -.nd fence lines en ,erial photos with respect to Section Rnd Tc-,'m-

shi bounairios.

Tar&ýle I. ?ublished Topogra•lpia-M"P6 of L;-Re ,:ichi,-,,-m Shore.

Advmnced print subjrct to correction.

Wisconsin:

Qu.dr,•'n,!e Extent in Longitude Extent in Latitude

Bnyvie•w 870455 - 88000' 420451 - 43 000t

CAsco 87030t - 870 45' 4U0301 -bI°h•

uloevelzd 87037130" - 87045t 430 521130 - u,°001

3renn B>-y 8•°00' - 1"8015' 4° 30 1 - 4-441

*XC'c,-.unee 870301 - 870451 4°0151 - 44030t

'*Tni .ot*c 870301 - 8745' 4 0oo - W15t

Iiilvwaukee 870 45h - 880001 430001 - 43015t

New ?,rznklin 87045t - 88000t 440-301 - 40451

Port -.nshington 87 0451 - 3800%0 43015' - 430 30 t

*Sheboygr'.n F.2.lls 87045, - 880OO, 430301 - 430451

Sheboygr'.n North 87037?30" - 87045' 43045t - 4305230°"

*Sheboygan South 87037130"' - 87045t 43 037'30" - 43045t

Racine 870451 - 88000: 42 0 30' - 420451

Waukegan 7o145, - 880001 L2`15, - 420301

Illinois

Cr-luiet Lake 870301 - 87037ýt 1 037½t - 41`451

Chic'.go Loop 87037P? - 870 4.' 41052it - 420 00t

Zv,-nston 870371t - 87045t 42°0 001 - 42 007it

HI hhl.nd ?nrk 87o451 - 870521 o4200732 - L201o5

J-ckson .'rk 87030' - 87037! 41°O51 - 41052%'

e87045 - 88W00t 42015-t - 2 •30
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Th-ngor 860001 -609-2
0 ;0

"&nton H-rbor 86015' - 860 30' 42)001' - 4 5

Cc-ntr-I L'-.k, 505 - 8503C' 45 0 001 - 405

Ch-r1,-voi~x 850151 - 85030' 45c'151 - 40301

Fa~i1 66000t - 860'15' 42 0 30t - 420451

Ho1)l.nd 86000t 86015! 205 - 430 00f

L-.ko H-rbor 860151t - 860301 43000t - 40~

--" Ion It-guý; 86 0151 - 860301 4303.t' - 43 0 301

* ur'kc.Gon 860001 - 860115? 4.3000t - ~05

South H-.v%.n 860151 - 860301 205 - 420301

~ThrQ, 0-.ks B60301 - M60451 410416 - 42 0 001

Indimfzr

fiunc s A1rc:,'cs 870001 - 870071 30"v 1, 0 3713011 -. L1045

'Kichigrn City 'Ve(st 86052!30?. - 870001 h 0
7 3 !

O gdzin Dumc~s 87007130"I - 87 0 15? 410-17130" - 405

?ortcr 87 000t - 870]5 42h1301 - lc5

Thrcc 0-ks 860301 - 860 451 410 45? - 420 001

Tolli ston 870151 - 87030t 41230' - 4014

The topoer..?hic rnvps in t~bQ1'. i, stt-.d ClOckvris, -round the L-ýkc

R',.cinc

Port -shingtofl
Sh..boyg-fl F -lie

Shc~boyg -n Southt 5Shi.boyg' n North
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-'is c',nsin: (continutd)
H.-ni toyroc

KC.Trunoo,

Grccn B-y

hicbig -n:
Ch-.rl,.voix

C,.ntr-i Li-ek!" Hont- guc
L-.kc H-'rbor
.[usk. gon
Holl".nd
F%.nnvillc
B - rigor
South 1-,vcfn
B.nton H-.rbcr
Thrc O-ks

Indi-nz.:
Thr,; -- O-.ks
.:ichig .n City A"•st
Dun(s Acres
Ogd&n Dun=s
.'ortcr
Toll.ston
C l~.mct h-kc.

Illinois :
C l•u-nt L-Icc
J-.c'cson ?rk
Chic-.,o Loop
Ev-.nston
Highel'nd .-.rk
VT-ýuk-e. n

The narrow width of mcst elements of the shoreline did not permit them,

in general, to be mapped as areal units. Instead, a code was developed to

permit an orderly description and summary of significant elements of the shore-

line. This code vil]. be described below. Detailed stratigraphic descriptions

were made of exposed bluff and shore materials, and more than 700 sao,'les of

beach and bluff materials vere collected. Those rvdl form the basis for a

dotailod description of the structure of many parts of the bluff and bacidand

area, and a :;tatisticral study of the 9dintribution of beach naterials around

the I.ake :iichigan basin.
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given to all ,hases of this project by the Office of N1aval Research. In

particular, he is indebted to Dr. Louis C. Quam, eoad of the Gcogra,)hy Branch

of the O.N.R., and to `1r. James A. Villiams of the Chicago office of the O.N.R.2
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as research and cartogra:,hic aids in the office.

Reports. To date, the following progress reports have been issued in

r4tcographod form:

1. Report of -regress No. 1, November, 1956.

2. Report of Progress No. 2, Seýtcmber, 1957.13. Status FReport, November, 1957.

|4. Summary Report, November, 1957. -/

Tho present Final Report will present in scientific form the major

findings on the gcomorphology, detailed description, and classification of

the shoreline features of Lake ;4ichigan, as well as an analysis of shorelinc

changoo at about !h5 points selected for remcasurziaont. The mass of material

collccted cannot all be prescnted within a single report, and therefore it

is anticipated that certain additional scientific studios -4ll be madc and*

if given approval by the Office of Naval Research, vill be submitted for

publication to appropriatc journals.
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THM 1.U" FICHIG.:.N bASIN

Gencral Dcscription

.Lalc :tichigan i. .ý'-"drologicnlly a unit vith Lake Huron, and constitutes

the part of this Grcat double water body ivrhich lies yrwst of the Strait of

Mackinac bt-.-cn i[ac1dcnawr City and St. Ignacc, Michigan. The Lake `:ichigan

basin is slightly curved in outline but is gncrally elongated .-n a north-

south dir-ct.ion, with a curve torard the northeast at the northern part of

the basin. Thu trend and curvature of thu basin arc rather closely adjusted

to rock structur-, the basin lying in a wuak-rock bult of Devonian shale (s,.

bjlowr). From the southernmost point at Gary, Indimia, to thc northernmost

point n-ar Naubinway, i[ichigan, the length is about 315 miles. The maximum

ridth is about 76 miles, in the latitude of Grand Haven and ,:Thaukee.

Throughout most of its length the lake is 50 to 60 miles or more in 7ridth.

The total area of water surface is nearly 22,4l50 square miles.

The greatest depth, 924 feet, occurs in the ncrth-central part, approx-

imately in the latitude of Keraunee. A broad submerged ridge less than 20e

feet deep crosses the basin in roughly the latitude of 1Uilwaukee and L.uskegon.

The basin south of this ridge is 564 feet deep and constitutes the southern

third of the lake.

The southern tv:o-thirds of the Lcake :iichigan basin is marked by shores

smoothly curved in pl1,an with no bays and AcLtoot no n.turnl harbors ouitablo

for large craft. Those w'-arbors which have been developed here are mainly of

rvbo typos: (1) mnall ri.vers dredged to float 1u-xge vessels, as the [ilTmaukee,

Chicago and Ake Rivers; and (2) elongated coanstal lalecs ouch as LDuskegon

Lake. Such lakes were once streom vý-.Upys eroded 1to a loror former level of

ta!' niehignn, then drovmed and partly cut off by vand ba's as the Lake Nichigan

level ro.e. It has been Ohovm. by Hough that La•e•. :"fichig.nts predecessor,
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called Lrcke Chippewa, stood 360 feet lower than the present level.*

* Hough, J.L., "leistocene Chronology of the Great Lakes Region: Final
Report, Cffice of Nav:l Research -- University of Illinois ?roject IR-018-122,
Urbrna, Illinoia, 1953.

Hough, J.L., Geologic History of Great Lakes Be-ches: 2roceedings, Fourth
Conference on Coasti. Zngineering, Countil on 17ave Rsseaorch, University of
California, Berkeley, 1954, pp. 79-100.

Three large enbancnts are present in the northern part of the Lake

i~ichigan basin. Green Bay on the north"est is about 15 by 116 miles in size.

It lies paralel to LaIk iichigan and separated frcm the latter by dolomit0

peninsulas called the Door and G:rden Peninsulas, respectively (see 21te I).

At the north, Green Bay is divided by - second peninsula - the Stonington -

into two parts, Big D,y de Noc on the east and Little Bay de Noc on the west.

Between Garden and Door Peninsulas the dolomite ridge or cuesta is partly

submerged and gives access to Green Bay bet-een several rocky- isl:nds. On

the eost of Lake aichigan, Little Traverse Bay trends east-west, with a length

of na;out ton miles. South of it, Grand Traverse Bay forns an indentation

about 10 by 30 miles in size, trending south from its entrance at the north.

A narrow peninsula, Old iission ?oint, divides the bay for more than half

its length. The eact a.nd west nans of Grand Traverse Bay wore par!.llel to

glncia.l .dvwnce during at least part of the Ice Age, an= wmre deeply scoured.

A depth of 534 feet in the sa.stern nnar, aNnd 390 foot in the western arnri, h.ve

been mt•,ai•rode

Several isLands occur in the northea.stcrn qwxtýr of L-.ke Liichign, but

none is present fr.ther south.



Dr~in~ge10.

F ?~k our'rouncding 1:ýnd %re,- of more th,-.n 4~7,000 squ~rc miles dr'.ins. to L-.ka

~.chg~.The dividc boundinG this dr-in,,.ge ".e, lien i-afre thlw.n 115 miles

from the L-kcficlhigrn shore or~st of~ South H7-won,, 71ichiCz'.n; ¶nid lessn tha-n

Smiles frem= the shore betwoon ~T'ugI17Linoic-, %-Id the 'is3corisin-Illillois

botund,,ry. In r~n ,'rc cxtovnding from tho Indilnni.4ichig:'2l bouric1~ryT "Around

southern Lr-.ko :ichig-.n 2-nd north-.-'.rcl to ?ort '.13ngon Yoencling the dividle

is everywhere less tha.n 20 miles from tne lr~ke shore. Throughout much o-L

this dist-.nce t~b divide £ollovis the crtost of the Vr'.lparn'.io-o .ci morn'ine.

The div~ide lics nbout 100 m~iles northweost of Green Bny.

No rn-.Jor river flows, into LL-kc :Iichigý'.n. The -principz'.1 stre.-'.Tas nowv or

formcrly entering the lr'.kc a.rc s follows., clockrwise begi:u-inLg :%t the south:

In lndir.zv'.:

Tr-il Creck (%,%t 1.ichig-n City)
Gr-.nd Cý%lumct River (!rýt C-ry, formcrly :liller)

in Illinois
Chicn"go River
71niukega.n Rivor

In Wisconsin:
"2ikc PRiver (:-.t :ýcnoshn)
Root River (-'.t Rncinc)
.,lilTrý,ukee R~ver
Sucker Crock (no'.r "ort '.'-htintr)
Shoboygnn Rivc.~r
?igoon River (.-%t Shebo-,ygp~)
i11r'.itcraoe River
-"st "- `rest Thrin Rivero (;%t 'The~ Rivers)
!-'viwtee Rivrr
Ahnnpen Rliver (,%t Algorn')
ro:: liver (:%4t Green >,y)
Duck Crack (:%t Green Bny)
"2onsm~ukec River
Oco~nto River
?eshti[o A-ivor
!ianominoc River ( -isconsin.-4 liahigýýn boundry)

In northern >..ichigtnn:
Cod'.r RivorIi Ford River
EzcnAb River
Rý%pid Rivcrii Vhito fish Rivor
Stur'geon Rliver
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In northern Hichigrn (continued)
Fishdem River
Manistiquo River

In southern Michigan:
Dotstz River
Kanistee River
Big S!,ble River
Lincoln River
Pere Marquette River (at Ludington)
Pentwater River
Mhite River
Muskegon River
Grand River (at Grand Haven)
Black River (inacatawa Lake)
Kalamazoo River
Black River (at South Havon)
P-arpaw River (at St 6 Joseph)
't. Joseph River
Oalien River

Of those, the Chicago River was reversed in 1900 by the Chicago 3anitzay

District development and now- taken water from Lake Laichigan; while the Grand

Galumet River's mouth at Gary has long boon closed, the river discharging

through Burns Ditch, an artificial cut east of Gary, and the Lake Calunet

harbor canal, in south Chicago. Only eight streams have an average discharge

into Lake Michigan of more than 1000 cubic feet per second. Those are

Ft. 3 /see.
Fox River 4,317
Menominee River 3,202
Grand River 3,080
St. Joseph River 2,791
K~anistique River 1,747
Muskegon River 1,726
Kn!-mazoo River 1,236
1ianisteo River 1,088

Most stroenns entering Lake Michigan have their a)ximtm. flow beot-,en MarcTh

and June, due to melting of wrinter snow and to a generzal maxdiun of precip-

itation at that scason in this region. A considerable variation occurs in

streon flow, the maximun recorded flows exceeding the average by factors

ranging from 4.7 to 11 in the larger streams and from 3.2 to 38 in the zzmaller
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ones. The maxn:.:im flaw c:ceods the minimun by fractors of from 2 ta o 24 h in

the largor streoms, and from 52 to mog'o than 1000 in the smaller.

The amount of secimcnt now being carried into Lake I.ichigan by tributary

stroo-ms is small in comparison •rith sediments eroded from bluffs of wuconsol-

idated m.tcrials by vwave action. The prevalence of abrupt bluffs or cliffs

along a large portion of the shoreline (see Section Liaps 1 to 26, and text

below) is indication that such shores are retreating under *vrave a -ttck.

Deltas, which indicate a substantial contribution of sediment by the streams

that build them, are generally absent except on the west side of Green Bay.

Here the Oconto, Poshtigo and eoncnmiec Rivers have built smnall deltas, each

indicated by a projecting point of land at the mouth of the stream.

Relief

Lake Michigan is surrounded by plains of relatively low relief', that

o'riginatod mainly as glacial till plains or as lacustrino plains submerged by

former higher stages of the lake during retreat of the continental glacier.

In places these plains rise gently with Lncreasing distance fro. the present

shorej as on the west side of Green Bay. In other places the adjoining land

- was originally higher, and wave erosion has developed steep bluffs ranging in

r- height from ten or twenty feet to as much as 540 feet (at Sleeping Bear point

in Loolanau County, ":ichigan). Such bluffs commonly slope from 20 to 35

L degrees to the horizon-al. At places sand dunes have devcloped-along the shore

V and form a belt of varying widths but camionly less thamn one mile wIde. These

dunes range in height from a few foet to more than 200. Their copoco r-.:.go

Ii from a foa. degrees to more than 35 degrees. Such dune bolts -aro most common

F• on the northý, east and south shores of the lake, and are generally associated

with .re-tis of lake plain inland. Bedrock occurs at or just above lake level
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at many points on thn north coast, but bedrock areas inland generally rise

only a few foot or tons of foot above the lake. A fw exceptions occur where

bedrock makes an upland from 50 to 200 foot or more above lake level, wirth a

steep or vortical rock cliff formed by Ym.ve action. Notable ox-mples are

parts of the west shore of Door Peninsula, Wisconsin, and Garden and Stonington

Peninsulas. }lichigan.

Inland from the shore, relief remains small and all parts of the drainage

area tributary to Lake Michigan may be classed as rolling to flat plain,

Coastal Landform _e

An inventory of landforms along the Lake iMichigan coast indicated that

the folloydng major types are present:

A. Upland with bluff fac:Lig lake. Categories of upland as to origin or
structure include:

1. Glacial till plain
2. Glacial sand and gravel outwash plain
3. Dune sand plain
4. Lacustrine plain, or sand mid gravel
5. Lacustrine plano of silt and clay

B. Low plain writhout bluff. Categories as to origin and Ltructure include:
1-5. Sume as undcr upland
6. Stream alluvial plain or delta
7 .Swunp
8. Bedrock plain.

C. Foredunc bolt; i.e., low dunes not more than a few decades old,
lacking large trees or forest. Saoe forodune areas are marked by
a low ni, or blVuf marking recent erosion by waves.

D. Old dunes, generally higher than foredtmes and partly or wholly
fixed by forest and other vegetatione Some old dune areas are marked
by wave-eroded bluffs facing beach.

E. Sand bar or spit. Several long lakes emptying into the eastorn side
of Lake 'lichigan -vwore originally river valleys eroded to a lower level
of the lake, but are now dravnmd by rise of lake level and are partly
cut off by bars or spits built by wave actiorb On sano of those bars
and spits, sand dunes hwvo boon built.



F. Bedrock upland with cLiff. The fact that such rocky cliffs are
generally far steeper than bluffs in unconsolidated materials indicatedthat they belong in a different category from the bluffs and uplands

"r of type A above.

1.. Reed marsh coast. This typej in contrast to types A to F above,
generally has no beach associated wxith it. Type 1.1 always associated
writh one or the other basic types of shore,

Re Artificial fill, placed by man to control shore erosion or to support

a highway or some other man-made structure.

For pimposes of field mapping, a code was developed to indicate the above

landform ty-pes and their combinations, together vwith minor subdivisions of and

additions to them. This code and its use will be explained below. It will be

noted that types A, B, D and F indicate the character of the backland area.

Bluffs and cliffs generally display excellent cross sections of the geological

materials and structure of the backland.

Geological Setting of the Lake Michigan Basin

Underwater Conditions. The lake basin consists of bvo depressions

separated by a broad submerged swell between Muskegon and !Ailwaukee. The

southern basin slopes gently invard from all sides to its deepest point of

564 feet. The submerged ridge is less than 240 feet deep at several places.

It probably is the submerged terminal moraine of the Valders glacial lobe,

-those red drift marks the last major glacial advexice down the Lake 'iichigan

basin into eastern "Msconsin. The larger northern depression is irregular

in form, with generally steeper submerged slopes on the east side than on

the west. The maximun depth of 924 feet lies almiost due east of Kewaunee,

Underwater contours suggest that its eastern margin may be a drift-mantled

west-vrd-facing cuesta similar to that forming the west side of the Door

Poninsula. The northeastern part of the bnain is very irregular in fomn.

Moat of the islands stand like tablelands with steeply sloping margins, rising
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fr? depths of 250 to 300 feet. Several submerged platforms ',ould form islands

if water level shouldc op 50 to 100 feet. Grand Traverse Bay is a double

submerged valley almost fiord-like in form. The two arms have depths of 390

and 534 feet in the south, although the northern entrance to the bay is a

threshold only 138 feet deop. E:,tending east.raud through the Strait of

Hackinac is a narrow suhbmerged gorge knovm to be more than 150 feet deep.

This probably •vas the outlet valley for the former lake strge (Lake Chippewa)

when the vrator stood 350 feet laver than at present. Green Day is generally

shallow, largely less than 100 feet deep, and appears to be an elevated platform

overhanging the deeper Lake Mlichigan basin on the east.

Exposed Bedrock Geolog. Although bedrock exposures are limited along

most of the Lake Mlichigan shoreline, the lake basin nevertheless is clearly

related in form and trend to the regional bedrock and stru cture. From an

outcrop on the beach near 79th street in Chicago no bedrock is e.posed around

the south A of the lake and nort1hwrd past Grand Traverse Bay to near Norwood

in Charlevoix County, 11ichigan, where a low cliff of shale is present. Frequent

rock outcrops occur bettreen llorwood and Petoskey, and from ?Hackinaw City

west to Taugoshance Point, Michigan. North of the lake, bedrock forms many

reefs, ledges, and low points fran St. Ignace westward to the Garden rid

Stonington Peninsulas. Door Peninsula is a roclky cuesta, high on the west.

South of it, the only bedrock exposures on the west side of Lake Michigan

are near Algoma, at Sheboygan, north of Racine (&ind Point), ad probanbl•y• in

the water off Glencoe, Illinois.

Rock formations underlying Lake Hi5chigan or its shores range in age from

Ordovician to Mississippian, with the Silurian and Devonian systems also

represented. It is difficult to draw up generalized stratigraphic sections for
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the states of Wiscon-,in, Ilichigan, Illinois and Indiana, partly because local

names and degree of differentiation vary, but also because stratigraphy varies

and correlations are not agreed upon for many units. The folloviing descrip-

tion, given in order of age, suggests stratigraphic relations that appear to

hold generally throughout the area.

Ordovician. The Trenton-D)lack River (mainly l•uiestones) of Hichigan

correlate vrith the Galena-Black River dolomites of Wisconsin and Illinois.

These are resistant units and lie northwest of Green Day. The Haquoketa shale

of Illinois correlateg with the Richnond shale of Wisconsin, which underlies

southern Green Bay. This time interval is represented in northcrn Michigan

by the Queenston Shale, Big Hill limestone, Stonington limestone and Bills

Creek Shale. The resistant Stoningtcn makes the peninsula of that name, while

the Bills Creek shale forms Little Bay de Noc lowland. Queenstomn shale under-

lies western Big Bay de Nec.

Silurian. The massive Niagaran dolomite of Wisconsin and Illinois forms

the Door Peninsula cuesta. Its correlatives in northern Michigam are the

Guelph (youngest), Engadine and 1lanistique dolomites, Burnt BLuff limestone,

Mayville dolomite, Cabot Head shale, and Manitoulin limestone. The Garden

Peninsula cuesta appears to be formed of the Manistique,,vfhile the Engadine

forms roefs and low ledges along much of the north shore of Lake Michigan.

The Salina series (salt, limestone, shale, dolomite, and gypsum) of upper

Silurian age forms a weak rock belt containing Brevort Lake, northrest of St.

Ignace.

Devonian. The Lake Michigan basin is eroded largely in Dcvonian rocks.

At the south, in Indiana, the rock units are the Novi Albany shale (yotugost

Devonian present), Beechwood and Silver Creek limestones, and Jeffersonville
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shale. At the north, the Straits of Mackidnic area is underlain by the Devonian

Onandaga series, inclucding the Hackinac and Dundee limestones. South of the

Straits area, extending as far as V,'ank"fort, the younger Devonian Traverse

series underlies the coast and the eastern part of the Lake Michigan basin.

The Traverse series includes, where differentiated, the Thunder Bay, jlpena

and Long Lake limestones, and the Bell shale.

Mississippian. The coast and eastern part of the Lake i.ichigan basin south

of Frankfort are underlain by rocks of the Aississippian system. The form-

ations wrhch reach the coast or basin are the Antrim shale (oldest.), Coldwater

shale, and lorer Marshall sandstone. Younger, higher stratigraphically

Mississippian formations are found inland, tovard the east.

Unconsolidated mantle. The bedrock formations enumerated above arc almost

mholly covered, except on the northern and northwestern shore areas of Lake

Michigan, by glacial deposits of till, gravel and sirnd; by glaciolacustrine

deposits of sand, gravel, silt and clay; by eolian deposits of dune sand; or

by marsh vegetation and muck.

Geological Structure. Lake .iiichigan lies on the iest and northwrest flanks

of a shallow basin structure in sodiinentary rocks, centered in southern

Michigan. In the aentrotl and southern parts of Lake Michigan, the associated

sedimenta-ry bedrock formations dip or slope dcnra t ;,'ard the east at an angle

of 100 feat or less per mile. The northern Lake Michigan basin lies northwest

of the canter of tho structural basin, so that the dip is there to the south-

east, at 5O to 100 foot per mile, The curved basin of Lake Michigan thus

follows closely the cwved outcrop of tho weaker rock formations mair.y of

Devonian ago, and may be said to lie in a "strike valley," The torn "strike"

means the direction at right angles or normal to the direction of rock dip.
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Relation of Lake Michigca Basin to Moraines. Most if not all the

glacial drift in and adjacent to the Lake Michigan basin apoears to have been

dropePd by glacial lobes that advanced down the basin low.rland from the north-

east, and then spread outuard fram the center of the basin onto the surrounding

higher plains. iNarginal moraines therefore trend roughly parallel to the

present shoreline. However, later glacial advances did not reach quita' as far

south as earlier ones.

South of MUlwaulkec and Muskegon, the glaciaýl moraines at and near the

shore belong to the Lake Border morainric system bui:.t during the Gary glacial

substage of the last or Wisconsin glacial stage. Inland from (or outside of)

the sevoral Lake Border morninos are older moraines called in Illincis the

Tinley and Valparaiso, also deposited during the Cary substage. Tinley or
Valparaiso drift ma!? occur beneath Lake Border drift, where exposed in bluffs

along the shore. North of Milwaukee and Muskegon, red drift called Valders

in Wisconsin and Manistee in Michigan forms the moraines along the shore.

This drift is of the Mankato saubstage of the Wisconsin glacial stage, the

glacial lobe of which reached only as far as the ti':c cities mentioned. However,

it is kmown that a Cary glacial lobe - called the Port Huron - later than

the Lake Border, advanced into the northern Lake Michigan basin before Mankmto

time.* Therefore, it is to be exopectod that the red Valders-Uanistec drift

- - ---- ------------ - -

* Bretz, J.H., The stages of Lake Chicago: Their causes and correlations:
American Journal of Science, vol. 2li9, 195l, pp. b.Ol-h29.

may be underlain by deposits of Port Huron, Lake Border, or even older glacial

ago. Sections of glacial drift exposed in bluffs in the northern part of the

basin generally show several drift shoots which attest the successive glacial

rc • rotront-C
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PHYSIOGRAPHIC UNITS OF TIM LAI, ILICHIIGVI SHORE

Physioal Elements of the Shore Zone

Definitions. The shore zone is c=nmonly divided into the off shore,

the shore, the landfaco, and the backland. The offshore extends seaivard from

the lowv water marl: (or waterline, in the case of lakes wi-th slight fluctuations

in water level). The shore is the zone betoen lcowr water mark and the highest

limit reached by iraves or ice shove. The landc•ace is a zone extending lan&'.•=rd

from upper limit of shore, to limit of direct influence of shore processes.

The backland is a zone eoxending indefinitely landward from the inner limit

of landfaco. The shoreline is technically the boundary betvroen offshore and

beach; and in practice this means the outer limit of the shore, or the law

water line. The coast is a zone of indeterminate wridth extending landyrard

from thc shore; it therefore includes the landface and backlane.. The coast-

line is the botudary betboeen shore and ltudfa.co. The term shore zone refers

to the combined offshore, shore, and landface.

The present study deals with the shore, landface, and outer margin of

backland. The shore at most places includes a beach generally of sand but

in some cases composed of gravel, cobbles, boulders or other loose materials.

The beach is cononly subdivided into the foreshore or lower beach, reached

by ordinary storm Tavess; and the backshoro or upper beach, reached by waves

only d•ing c;:ceptionna storms, and perhaps reached by ice-showv during rinter

freezes.

Tho landfaco may bc a 2liff, a bluf, a nip., or a gentle slop,ý marking

the outer odgo of bickland. A cliff is a stoop or vertical slope in rock.

Cliffs ovarloo1c.ng and no,3r to the Lake Michigmn shore ;-uro duvulolcd by wave

erosion at their base. Tho toxTi bluff refers to a sharp slope in
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unconsolidated material ruch as glacial till or dune sand. Such materials,

when eroded bolowa by wavo action along the shore, tend to slide davm until

they attain their angle of repose for the condibions present. Old bluffs Ln

glacial till conmonly are no steeper than 250, but where recently undermined

by wave action, bluffs in till nmay attain slopes of hO0 to 500 or more. Loose

dune sand makos bluffs at its angle of repose, generally about 3200 A

recently formed low bluff only a few feet high is often called a nip. Low

plains not subject to recent ;,rave erosion may have merely a gentle slope dovm

to the beach as a result of former wave work. Such a declivity is not a true

nip or bluff.

Elenents Present. The elements composing the Lake .ilichigan coast and

shore have boon in part enumerated under Coastal Land•?erm Types. In terms of
the nnenclaturc of' shore zonos, these elements include the follo-,in,,:

Backland: a. Uplands of several types of unconsoliL'ted deposits, or

b. Low •lains of the same materials
c. Foredune areas
d. Old dune areas
a. Artificial fill

Shore: a. Foreshore zone
b. Backshore zone
c. Rock reefs or lodges in shore
d. Sand b,-r or spit
e. Reed marsh coast, generally :rithout a true beach

Landface: a. Bluff or nip
b. Clif&

A Code for Mrpping Elements of the Shore Zone

Test mapping procedures res<lted in a worlable code system for setting

dcmTn all i-gnificant eloments of the shore zone, except descriptions of the

foroshore and backu-horo. Because a beach zone, vrLth forochore and backshore,

generally occuri. along pith all typcs of landface, it was believed that the

addition of coded informnation on bcanhos to the code for the backface would
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prove cumbersomo to the user of the report. Therefore, the code deals only

with the backland, lmndfnce, and such unusual features of the shore an rock

roofs or marsh.

The mapping code is as follows:

A. Upland with bluff.
Ah - high bluff, more than 20 feet high.
Al - low bluff, less than 20 feet high.

Materials of bluff and backland:
1. Glacial till
2. Glacial sand and gravel
3. Dune sand
4. Licustrine sand and gravel
5. Lacustrine silt or clay

Examples: All-l, high upland of till, ,ith bluff.
Al-l/A, lmi -uland of till over lacustrine sand and

gravel, with bluff.

B. Low plain, Ynerally idthout nip.
ILteri as of plain:

1 to 5. Same as above
6. Streom alluvium, mainly gravel, sand mud and silt
7. SvruaP
8. Bedrock

If rock ledge or reef occurs Ln beach zone, r is added.
Example: B-2-r, low plain of gLacial sand and gravel, with reef

on beach.

C. Forodunes, mostly less than 20 feet high.
Cb, if lovr bluff or nip is -present.
C, if no bluff or nip is present.

D. Old dunes, generally eooded and mostly more than 20 feet hig;h.
Dh - high dunes, more than LO feet high.
DM - low dunes, loss than 4, feet high.

If bluff is present b is added.
Examplo: .lb, lmo dunes with bluff.

E. Sand bar or spit.
If dunes ,re on top, d is added.

Example: Ed, spit or bar with dunes.

F. Bedrock upland vrith cliff.
Ph - high cliff, more than 20 feet high.
F1 - lraw, cliff, less tha-n 20 foot high.
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M. Reed marah in offshore or foreshore. Generally no beach is present.
This type occurs ',rith other basic types of coasta.l features.
Example: B-h-.-i: Low pl.ain of lacustrine sand and gravel, Yrith

reod marsh offshore.

R. Artificial fill. This generally occurs •ith some other basic types
of coastal features.
Excmple: A1-2-R, upland of glacial sand and &-ravel writh bluff less

than 20 foot high, vith artifici~al fill along "shore."

All coastal features of Lake •ichigan, in their various combinations

and associations, -ere mapped by use of the code described above. In field

notes, detailed descriptions worc tak!n of (a) the shore, including vridth

and materials of the foroshore and backshorc; (b) the height, angle of slope,

materials and staructure of the landfaco (i.e., bluff or cliff); nature of

backland area; (c) the stability of shore and landfaco, spocifically whether

stable, retrograding under shore erosion, or prograCting under processes of

deposition; (d) evidence, if any, for direction of longshore current. Idiany

bluffs showed detailed stratigraphy involving several units of glacial till,

glacial or lacustrine sand, gravel, silt or clay - and those sections were

red.ordod and described in detail. They v,.rll form the basis for an analysis

of the elacinl stratigraphy of the Lake iichigan area. Samples of beach

sands frm the foreshorc and backshorc, and of the materials composing the

adjacent bluffs or ,clanz., wuc; collected at 184 selected stations, to a

total of 704 sa o.-,.

Associations of Coastal Features of Lake Michian
Along the thousand miles and more of Lake Yýichigan's shore zone, the

coded elements as listed above are found in a variot~y of combinations, An

onumeration of same of these indicates how nccessary it was to develop: a

code or rmbolizm to record the' i.lemonts associated at each station btuc.ied.
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! Bluff. Characteristic associations are:
Ah - Figh bluf.f aIone.
Ahr - High bluff with rock reef on shore bolowr.
Ah-B - High bluff above Iov; plain.
Ah-C - Hi-h bluff vith forodunes at base. If dunes have nib or

bluff, Ah-Cb.
Ah-Al- High bluff, back of low bluff.
Ah-Dl -High bluff w.irth low dunes at baseo, These dunes may have

their o.n bluff, Ah-Dhb, or may have forodunos adjacent
to beach: Ah-Dh-0 or Ah-Dh-Cb.

Low Bluff. Characteristic associations are:
Al - Lm: bluff alone.
Al-B - Lo: bluff above lovi plain. If rock reef on beach, Al-B.

Or if reed marsh in offshore, Al-B-A.
AI-C - Low bluff with forodunes at bacn. If nip in dunes, Al-Cb.
Al- - Lorw bluff -vth reed marsh in offshore.
AI-Al - Týro low bluffs, one back of tho other.
Al-Ah - Low bluff above and back of high bluff.

Low Plain. Characteristic associations are:
B - Low plain alone. If rock reef on beach, B-r.
B-M -- Lorw plain with reed marsh in offshore.
B-C - Low plain vith forodune bolt. If nip in dunes, B-Cb.
B-E - Low plain vith marginal sand bar or spit. If foredunes on

plain, B-C-E.

Foredunos. These alvays are associated rith other elements of land-

face or backland., and are therefore included v'ith the latter.

High Old Dunes. Chararterist~ic aseociations are!

Dh - High dunes alone,
Ch-C - High dunes with lower foredune belt. If nip in foredunes,

Dh-Cb.
Dh-Dl -* High dunes back of lov old dunes. If bluff in latter

Dh-Dlb. If foredunes also occur, Dh-Dl-C or Dh-Dl-Cb.
Dh-B - High dunes on low plain. If forodunos near lake, Dh-B-C

or Dh-B-Cb.
Dh/Ah - High dimes on upland w.ith high bluff. If fored'mes at

bnso, Dh/Ah-C or Dh/ah/cb.
Dhb - High dunos vrith eroded bluff. If forodune belt is present,

Dhb-C or Dhb.Cb.
Dhb/Al- High dunes wi&th old bluff on upland with low bluff.
Dhb-B -- High dunes with old bluff on low plain.
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Lotw Old Dunes. Chiu,,icteristic associations are:
D- =--= T old dunes alone. Ifa rock roof on beach, Dl-r.
Dl-C - Low old dunes with foredunes. If nip, D1-Cb.
Cl-B -T Lmo dunes on loiw plain. If foredunes also, Dl-B-C.
Dl/A.- Low dunes on upland with crv; bltCff
Dl/Ah - Low dunes on upland with high bluff.
Dlb - Low dimes pith bluff. These may occur on low plain,

DIb-B; or o7n spit or bar, Dlb-E.
Dlb-C -- Low dunes with blu•ff, above forodeun belt.

Spit or Bar. The most caimon association is v-lth foi'edrumes, E-C or

E-Cb; or with old 1rev; dunes, E-DL.or"ED1b.

Hin Bedrock Cliff. Characteristic associations are:
Fh - High cliff clono. If reefs on beach, Fh-r.

If reed marsh in offshore, 'h-M.
Ph-B -- High rock cliff back of lowr plrkn.
h-4l -- High rock cliff above upland w-ith 1ev; bluff.

Low Bedrock Cliff. Chnracteristic associations are similar to those of

high bedrock cliff.

Description of Lake 1ichig an Shore Zone in Terms

of Phsiogrn.phic Units

The shore zone of Lake IAchigan varies significantly frcn place to place.

Dotailed mapping of the shore zone elements indicates that more than 600

distinct phyniographic units are present, oach distinct from those adjacent

to it. These phy tographic units are shovm on Section 1iaps, Nunbers 1 to 26.

The locations ýf tnese sectioi' maps are indicated on Plate I. In addition

to the physiogrnphic units of the shorezono, these section maps give also

the code mapping s.nmbols for ncarly 1700 shore stiLions, and a smaller

nmuber of smnnbols indicating graphically the general character of the coast

(whether high bluff, lowv dune:, cliff, etc.) and the height of bluffs, dunes,

and cliffs comnosing the landface of backland. See Appendix I, page 190 ,

wrhich is aon e:v-l,=ntion of these -ymbols used on the 26 Section Mips.

Appendix II, pnro 103 , is a copy of the code used in fiold mapping, which



e-lains the letter and graphic -ymbols used on the Section 25aps.

Belo-r is a table listing the basic clements by 3ymnbols, and basic in-

formation on the landfaca and shore, fer the more than 600 physiogra-hic

Sunits. The follovdng ab'reviations are used for the bcach sediments:

Ss -- sand

fn -- fine

cs - co.rse

med - medium

debt - cobbles

bldrs - boulders
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Th~b1b IIT. Physiographic Units of the Lake, Michiga'n Shore Zone*

Physio- IRhsic Hoight(ft,) Slope in Backshoro: Foroshorc2 Photo

grn'h).O Const bluf f dogroos, widthi in f t.; Wl~d+h in fCt.; nmuabor

unitt zono Cliff~ bluff or mntorie3-s Mctori~lls

nu.m'ber elomonts or dunoE3 Cliff ____

1 B-4 0-54 0-77 Yigure 8

S, 96"" S,3 75-98%
mcd gr mod gr

2 Al-4 8 4011 33
S, 5O0 /J SY 10%
cs gr cs g

3 Ah-3/h 30 35-90 0-10 1)4
S,9 30%l' gr
cs gr cobs

4AI-4 10-18 30-50 nono 0-15

gr

5 R----

6 Al4-4.B-h 35 20 3318
nbove S) 0

plain mod gr mod gr

7 Ah-h/1 38 30-70 0-10 16-h,'3
s, 95% s, 4oe
fn gr med gr

8 R 15-25 5o-90 none nono

9 Al-h/1 12-14 10-90 39-7 5 33
Al-1 S., 98% S.9 97

Cn gr fn gr

10 Ah-i 30-50 35-60 0-27 o-55

Ah-4/5 S9 35-97Th Sy 25-95%
Ah-4/5/J mod gr cs gr

os gr cobs

11. Ah-5/1-R-R 35,45 30 floflo o
rnbovo

12 Ah-)4/1 18-55 35-70 0-.25 0-47

Ah-1 S3, 99%~ S, 99%
Ah-5/l fn gr fn g

Clay
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Physio- Bnsic Height(ft.) Slope in Bnckshoro: Foreshore Photo

graphic coast bluff,) degrees, width in ft.; vrldth i•l n-nba

unit zone cliff bluff or materials mtrinlz

nunber elements or dunes cliff .....

13 Ah-5/l-Ai-5-r 15 30-45 10 15 ,

10 S. 60% S) 80%
csgr mod

cobs

S-30-38 20-27
.14 B--r -s, 50-92c5' s, 5o-85%

cs gr med gr

15 Ah-1 27-100 35-90 /-90 10-37
ah-5/1 S, 92-99% S, m 0-98%
Ah-4/5/1 ngr madg'

16 Ah.- 75-100 35, Narrowr shore zone

17Ahr,24CL-4 100 103-10 2217 10-20 s, 95% S, 95%
fngr .ngr

18 Ah-1 75-150 26-90 0-25 6-42
Ah-1--4-5/ S,25-97% 3, 20-98%

Ah-1/5/1 mod gr fn gr, cs gr
as gr cobs, bldrs

19 Ah-AI-4 15-20 30 15 12
s, )4o% S, 20%
cs gr £n gr cobs
cobs bldrs

20 Ah-I 50-90 30-35 6-25 22-25
S, 25-5o% s, 4o-9Y%
mod gr cs gr
os gr bldrs

21 Al-h, 4-15 30 0-20 0-25
Al-4-r S, 25% S, 25%cs gr cs gr

cobs

22 B-4- - 10 20
s, 25% S, 70%
as gr ao gr, cobs

bidrn

23 Al-h-r 15 10-15 13 20-25
s, io% s, 96%

as gr bldrs
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Physio- Basic Height(ft.) Slope in Backshoro: Foreshoro: Photo
gr-,)hic Const bluff, degroes. Width in ft.; width in ft.; number
unit zone cliff bluff or matorials matori,2ls
numbor olomonts or dunos cliff

24 B-4 - -. 25
S, 90% S, 9kh%
mcd gr fn gr

25 AI-4 12 30 18 i•0
S, 92% S, 97%
mod gr fn gr

25A B-1 --- 25-30 50-55
B-4hr s, 99% S
26 B-4gr

26 B-h - -j..--27 17-37
B-.hC , 99%

fn gr bldrs

27 B -4-Cb - - 3-6o 37-55
S S

28 B-4-C -- - 0-53 35-67
B-4 ss

29 B-4-Cb - -- 0-27 0-35
S S

30 D1-Cb 5-445 35 20-30 27-4o
s, 99% S, -'9
fn gr fn gr

31 Dib 1 30-35 17-25 30-35
D1-C 3-6 S, 93-99% S, 96-99%

fngr fngr
cs gr cs gr

32 Ah-.4 10-50 35-6o 0-32 0-55
Ah-1 S S
A1-5

33 B3 - -5 100
S S

34 R -... none none,
Riprap

5 Ah- 15.-18 35 4o 35
plus S S

36 Ah.-L r 30 35-40 nono none
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Physio- Bnsic H oight(ft.) Slope in Backshore: Foreshoro: Photo
graphic const bluff dogrooe, width in ft.; width in ft.; numbor
unit zone cliff bluff or mzatorials matorials
number olomonts or duneo cliff

37 Ah-.54 35-6o 35-6o 0-15 52
Ah-•4/ S, 95-98% S, 5-98%
Ah--//5/A mod gr cs gr, cobs

cs gr bldrs

38 Ah.5.B-)Q 15-25 30 12 22
above S, 92% S3 95'
plain mod gr mod gr

39 Ah-41 18-80 20-60 0-20 1l-ho
Ah-5/ S., 90-99% S, 20-99%
Ah-1/4/5/l fn gr, mod gr fn gr, cs gr

bldrs

ho Al-• -• 15 30 8-17 40o45
A--4-B•4 nbovo S S

plain

41 Ah-1-Al--5 l2 ho none 0-35
130 S

h2 Al-4 9-18 15-50 0-22 15-40 Figure h
Al-5 Ss 95-99% SY 0-98% Figure 5
Al-I cs gr mod gr,cs gr

bldrs

43 B- 7-32 32-37
S S

44 B-4-Cb 5-10 20 37
S S

45 DI-C 10-4 35-4o 10-63 47-75
DI-Cb S S

46 Dib 20 30 10 27
S9 97V S, 98%
fn gr mod gr

47 Di/-4 10 10 37
above S, 97% S, 92%
plain cs gr fn grcs gr

48 Dib 15-30 30-40 17-25 35-ho Figure 16
DI/B-4 S, 99% S, 96-98%

CS gr fn gros gr

£
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?hysio- Basic Hoight(ft.) Slope in Backshore: Zorofshore: Plhoto
gr:r-Thic cc a,,tv b2.uIf de Erre es w- S idth in ft,; yridth in ft.; n-ahner
niti zone Cliff bluff. or materials raatorir"Ls

ntriber elements or dunos Cliff

49 A- -16 45-5o 3-521
Al4/J.A s, 95-97% S, 80-99%

med! grj cs gr nod gr,cs gr

50 -.h1 16
S S, 99%

fn gr

51. Al-i 15 0 6 20
S3, 99% S, 98%
cs gr fn gr ,me d gr

52 Ah..i/5/ 12-.95 35-.90 0-.33 0-32
Ah-1/4 SP 65--100% 3, 50-997,

Ah-l-Ah4/1cs gr,mned gr fn gry.ned gr
Al-i clay cobs, bicirs

53 B-4 30 4

S S

54 Ah-1/I4/) 55-.70 35-90 0-15 8-35 Figure I
Ah-1/5/1 Ss 55-94/) S.6-6
Ahi-i med gr med gr.,cs gr

cs gr bld~rs

9 fl-S, 88% S.. 95%
med gr cs gr

56 Ah-l 55-70 35-90 0-15 12-30
Ah-1/4 S, 40-93% s, 65.-99%

Ah141cs gr fn gr~med gr
oobs cs gr~bldrs

57 Al-i 9.18 35-50 4-6 16-18
S, 30-50% med gr
med gr,cs gr Cs gr
bldrs bldrs

58 Ah-1-B-1 30-35 30-35 8.12 25
Ah-1-B-4 above SP 80ý-92% S., 10..25%

plain med gr.,cs gr med gr~cs gr

59 Ah.-1 70 4L0 6 23
gr., b.d~rs s, 6o%

gr, bldrs
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Physic- Batsic Hei~ght(ft.) Slope in Bnckshoro: Foreshore: Photo

grý--hic coast blu~ff degrees, vriclth in f t.;- vuidth in f t.b nwiber

unit zone Cliff bluff or mav'kerials M.";e'rials
numiber element or dunes clf

6o Al-h 17_2 0 25-40 15-22 2 I-3Y
S 3,88-9 g,%

fn Cr

6- Ah-1 55-70 35-90 0-8 12-10
Ah-/ S, 25-705~ 5, ) ). /

Cs gr, bicirs med Cr, cs ýrr
biCirs

62 Ah-1/44.1-h 50 820
1,19375 S) 801L

cs gr mced gr~cs [,r

63 B-h1 20-35 5-10 16-_30
Ah-1-B-)'/JA 30 S) 25-905% S, 2 5 -96%

above c's gr c s g r
nlain

64 Al-L - 3o-55 10-15 22-35
5, 70-9095 S, 92-10C),
cs, gr cs [:,I, bldrs

65 Al-li-r 10 35 9 45
cs gr 5,95

66 Ah-l4-1A-4 55 4o 6821
22 30 cs ga' 5, 60%~,,

CS L~r, il

67 Ah-J. 55 35 Narrow E~ravelly beach zone

68 Bl-4 5-8 15-35 0-39 17-1h 2
Al-h Y~hore wher'e 3, 50.-1055 S, 60)-100%*J

.- h Al-4 A1 mccd ;r.,cs gr fni gr,med gr
blelrs cobs, biCirs

69 B,- I. r 3.- 2-22 10-33 Figure 10
5 ý 0_905 s, 0o-0,i
fni gi', CobIS cs g-, ccix:
bldro 'blers

70 fl-h-C 15 30 3 D51 22-1h9
3-h-Dlb Dib T11hore 3, 98-100"' S,99I Dlb fh fn gr
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Y Dnsic lleir-ht(ft.) Slo-pe in Backshore, F'o'.eshore: Photo

cva)2AiC coast bluf,,S, deý!recs Tridth in Lb; ridth in ft.,- nuiber

'ulit z,,one Cliff bluf f or -a t e r iols rn.2ter-D.,Is

niriber element or e.unes clif f_____

71 B-h)-r 50- -
60o0

fn Cr cs gr,cobs
slabs

72 B-hý 3-10 30 10-39 16-45

B4I,-C wvhere. yr~here S. 5-9 SY 85-99,/0

B-4-D1 Al, Al med gr f'n grjmed gri
Al-h -L-Ccs IX

73 B-h4-C 3-12 24-34 29.-40

B-4-Clb wVhere S, 95-99,c' .3, 995

C fn gr fn gr

7 a-o2-10 35 3h-73 2 7-C52

Dl-Cb S, 95/0 3,9
f'ngr P-n rr

75 B-1t-r - - narrow gravelly shore

76 B-4! 5-8 45 o-415 0-28

Dl/D-lt.r w'here S, 0-100% 5 0-&D

Al-h4-Dl Al or fn gr,med ýr fn Cgr,cobs
DI

78 B-b!. 5--8 61 4
S C

79 B.-h,-'D-Cb 3o..530 56 38

80 Dhb 45-50 43 39-50 2 8-31

81 Dh-F1 0 ~ 91) none none

82 Fl 18-20 90 non~e none

83 B-)1'/8-r -- - 0-17 0-16

B-11 S S
Rock bench 30-70 lot, wide

84 h-6 90 Rock bench 30 ft. 'wide
cobs, slabs
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2hysio- Dasic Ieight(ft°) Slope in Bacicshore: Fore,-hore: ?hoto

graphic coant bluf., aegrees, widthd in ft.; ,:dth in ft.; niziber

unit zone cliff bluff or materi•-s saterials

number element or dune cliff -.

85 B-1- 
20-h•4
3, 95-99¼ S
£n gr

86 Dl 15-35 25 23-50 22-53

6 Dlb S, 96-995 3, 99,

DI/B-4 fn gr,reed gr fn Cr

87 F1 8-10 90 Rock bench 15-20 ft, wide

88 B-8-r --- Roc!, bench 30-1.tO ft. -ice
slabs, bldrýs, cobs,

89 Al.-h-r 8 15-20 0-15 none

'.,k bench 25 ft. 'ide

90 Fl 6-12 15-90 0-36 0-57
S S
Rock berinh W ft. -,ido

--- 34-51

92 B-8-r 
Rock bench 10-100 Lb. ,Yide

93 f-8-r-H -- -- none - reef at ,'rzter line

9h B-h 5 --- 40-60 25-50

B-L-C dnme s S

95--- _--- Rock bench 30-110 ft. pride,

F1 slabs, cobs, -.iud, bldrs

96 AI-h 11 35 Zone 58 ft. wide of
coarse gr, cobs, s 20,

97 B-4 --- .- A 0-o
S , 90%-I0O S, muck
cs "y

98 Al-i-Al-h 29 S,03 6 18
989•i 3Z5 S , 355" s,7 2 5,,. 4

cobs, blc~s cobr,ý bo.•o

99 B4,-4 --- Rock bench 30-60, ft. wi"de

slabs, cob.s, elate
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?hysio- Blc 1IHei-Iht(ft.) Slope in Backshore: Fores'hre: )hoto

gwr,'hic coast bluff, degrees, width in ft.; vridth in ft.; number

unit zone cliff bluff or materials

n=,,bor elcvEents or dnie cli ff

100 B-h-r 0-26 12-55

B-h S, 3o-85 no s
fn gr,cs gr fn gr,cs gr
cobs, slabs cobs, slabs
Or, rock bench 20-100 ft. ide

101 B-1-i! --- none none

n n -h- M --- --- Roc! bench 33 ft. wide

103 F1 9 90 No ber.ches.
Flat dolomite shelf, aw.sh

1C4 B-4 21 23

in gr

105 1l0, 90, Sand beach, 0-40 ft. wi,.de

B-8-r where where Rock bench, mostly awash

B-4 cliff cliff

1o6 B-4-C 19 22
s, 95) S, 985
tqd rt, fi f-1

107 M1. 1390 146156h
Rock ree.7 axrash

108 Al-h-C 10 35 33 24
s, 85; S, 9)o
fn gr, cobs fn gr

109 B-h-r -- 36 none
cs gr

110 Fh 15-4o 45-90 Rubble zone and rock
F1 lecge, 15-25 ft. i'ride.

20-.ft. cs gr beach,
one )oint

Iii B-8-4 -- Bench zone 30 ft. wide.

cs gr, cobs, blCdrs

112 Fh 1igh steep Narrow beach zone

113 B-4 --- .. 10-17 19
cs gr, cobs cs gr, cobs
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Physio- Basic Hei-ht(ft.) Slone in Backshore: Foreshoro: Photo-
graphic coast bluff, degrees, width in ft.; vwidth in ft.; n,.iber
unit zone cliff bIuff or materials material-
ninber elements or cdine cliff

I14 Fh 30-58 30-90 Vo boaches Figure 19
Pl mostly Rubble zone 15-35 ft. .-ide

115 B-4 --- 0-18 0-1
med ,,.'n gr med gr

116 Al-h 12 35 No bea.ches, zone 30 ft.
vride of cs gr, cobs, bldrs

117 Fh 125 30-90 No beaches, zone 30 ft.
nride of cobs, bdrs

118 Fl 15 50-90 No beaches, zone 15-30 ft.
-'ide off cs [r, cob,3, ".abs

119 B-4 -- - Beach *7one 16-32 ft.
w.ide of cs gr, cobs, slabs

120 Fh 95 25-90 Beach zono 10-30 ft.
wide of cs gr, bldrs, and slabs

123. Fh"h -D 4 o r 7 ",1 . ' , - 00 0 > 1!"t o k!! IL J ! n! 0 ,,i ph, '';l

nbovo
plain

122 B-h Beach zone 2b. ft. ride
coarse gr, cobs

123 Fh 75-100 "0-90 Beach zone 15-30 ft. .-.ide
Bldrs, cs gr, slabs

123A Fh-B-4 Kigh, stee,.ý Beach zone 30 ft. wide
above ole. cS gr, cobs, bldrs
plain cliff

1211 B-4 --- 3.. 19-34
s, 50-98/. S, 25-100%
med gr,cs gr cs gr, cobs, bldrs

125 Fh 150-175 60-90 Beach zone 27 ft. vide
cs gr, blocks, bledrs

126 B-4 - !6.31 16-24
3, 25-997, s, 25-9•9%
fi gr•, cS gr, fn gr,cs gr
bldrs bldrs

127 Fh 35 35-90 Beach zone 20 ft. wide
cs gr, cobs, slabs, bidrs



36.

:hysio- B!ecia Hecight(ft.) Slone in Backshore: Throshore: P~hoto
Cre-.,hic cop.st bi U.f :C degrees, widt in 't.; vidth in ft.; numn'r-.
unit zone c]IJ. f 1' b luI'f or mat-erials mavtorial-
num.,bor clem~ents or divne Cliff ____

123 B-4 - --- Beach ýono. 25 ft. -ide
cs gr

128A 1Al-h-r 9 h0 Bench zone 200 ft. vi-_de.
cobs, rlabs, bldr-s

129 Fl- 8 1590 Beach zone 15-84 2-`U. w-ide.
B-4~ e--ce-pt cc pr, cobs, sts lr

plizin

130 B-4 --- BeLacn zone 20-72 fCt. -vidp.
S) 99',J; fn Fr-. Narivov: part
-;)rotecteC, by ralls anid Croins

1.31 Fh
F h-a-4/8-h 75-150 20-90 YRoc!k bench or beach zone 0-30
Ah-4/8-r fLwr.Cobs, bldrs, blocks

132 B-!. -- Beech zone 21,-31! ft". ,.-;de
ca-bs, bldrsl, slabs

133 71-r 9 60-90 Be;ech zone 29 ft-. wide
cobs, slabs, blCirs., roc'.: bench

l~h B-'-r ----- RocIh bench 42 t.wide
cohs 9 v0.:'.br-, blclrs

l235 .- 10 1h• 13a',ch zona or roc': bench 37 ft,
vwicde. Slabs., bl~a's

136 B-4b- --- Beaých zone 21 ft. widec
Sj 5 O/j ; cs- g-r

137 B-8-r -- -Moot1lr: Roci- bmnch- or beach
B-14,-r zone 20-35 ft- * del
B-h cs gr, cobs, sla~bs, bldrs
D-1- /8-r Partly:

21 2h
S) 995rZS, 599"
frnar co g'

138 n13-h-r 6-27 45-90 Mo r.tly: Reel: bench 20-55 Figure 9
Fl wthere ,-there ft. cce.e gr, ccho:,

cliff Clif'f slabs, bo.ldrs
1,14h/8-r One p.oint:

21
0.3 Fr Cs gr, cobs

139 Rk 13 450 Fill; riprap face
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?hysio- Basic Iieit.ht(ft.) Slope in Bacishorc: Foreshiore: 12hoto
graphic coast bluf1f, degrees, width in ft.i.,; in ft.; l'hbe r
imit zone cliff bluff or materials materials
number elements or dune cliff

140 F1 6-12 90 Beach zone 15-25 ft. ,ride.
B-h cs gr, slabs, bldrs

Il- 9-13 17-26
S, 75-96%0 S, 50-98%
med gr, fn gr fn gr,cs gr

cobs, bl6.rs

142 AI-R 8-15 42-55 Beach zone 10-20 ft. i.!de.
cs gr and blocks

143 Fh 4o 70-90 Beach zone 10-15 ft. '-ide.
cs .,r, blocks, slabs

144 Fh-B-4 50 steep Beach zone 8-18 ft, wide.
B-4-r above cs gr, slabs, bldrs, ledge

plain

145 Fl-r 4-12 50-90 Beach zone 0-26 ft. wide.
cs gr, cobs, bldrs, ledge.

146 A1-4 8-25 30-90 Beach zone 0-20 ft. wide.
cs gr, slabs, bldrs.

147 Fh-r 45-125 70-90 Rock bench 10-25 ft. wide.
cs gr, slabs

148 B-8-r --- - Beach zone 6-30 ft. wride
B-4-r Rock ledge, cobs, bldrs,
B-7-r Ripra., one place.
B-4-r-M

149 Fl-r 10-15 90 Beach zone 0-35 ft. vride. Figure 21
cs gr, bldrs, slabs. Figure 22
Rock bench awash.

150 B-8-r Beach zone 24-35 ft. wride.
B--4/8-r cs gr, cobs, slabs, blcrs,

ledge roc'..

151 AI-l-H 10 35 Beach zone 30-35 ft. w.ide,
S, bldrs, mud. rTeeds

152 B-h 16-31 17-28
S, 96-100o5 S, 95-100%
fn gr fn gr

1%53 B-4/8-r --- Beach zone 5-20 ft. w'ide.
es gr, cobs, bldrs, ledge rock.
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Physio- Basic Height(ft.) Slope in Backshore: Foreshore: Photo
graphic coast b2uff, degrees, Tridth in ft.; wridth in ft.; num.ber
vnit zone cliff bluff or materials materials
nimber elements or dune cliff

154 B-4 Beach zone 12-30 ft. :ide.
S, cobs, muc.:. Reeds in Yater.

155 B-8-r --- Beach zone 10-25 feet.
B-h/8-r S, cc gr, bldrs, ledge roc':.

156 B-h Bcch zone 18-27 ft. wide.
3-h-: cs gr, S, muc, bldrs.

Reeds in rater.

157 B-h Becch zone 0-31 ft. vri(.e.
B-h-41 Silt, S, cs gr, cobs, bldrs.

Reeds in vater.

158 Al-bI 45 No beach. Heods in water
to :Loo bluff.

159 B-4-1: --- Low nhian of rivrvc1, nrob3bly
ovwr bedrock, 'Yo beach. Reed nmrsh

160 Fl 13 55 Beach zone 12-20 fl. wvide.
B-4-r where cs gr, bldrs, ledge rock.

cI i.
161 Fh 80-90 90 Beach zone 25 ft. wide.

cs gr. bldrs, slabs.

162 F. 2.0-18 90 Beach zone 23-27 ft.,. Twide.
cs gir, cobs, slabs.

163 Fh 25-50 60-90 Be'..ch zone 20-27 ft. TrIde,
cs gr, cobs, slabs.

164 Fh-B-4 4o steep Beach zone 20 ft. vride.
above rmed gr, cs gr.
plain

165 Ph 50-55 60-70 Beach zone 20-25 ft. ;ride.
co gE, bldrs, slabs.

166 Fl-AI-4 I_-ob 9-1 11-17
F l-B-4 -- 3 cc gr, cobs cs r, cobs,

bldrs bldrs

167 1I 15 90 13 12
Cs gr, slabs, cs gr, clbs
bldrs bldrs, slabs
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Physio- ?asic Height(ft.) Slope in Backshore: Foreshore: ?hoto
graphic ioast bluf f dogrez, s ,.sh in ft.; width in ft.; ni~nber
unit zone cliff bluff or materials m 'teriý,Ts
number elements or dune cli.ff

168 B-4 75 38 1i-16 14-21
Fh-B-h-r above above med gr, cs gr mgd gr, cs gr

plain plain bldrs bldrs, ledge rock
16 ' Fh 100-125 35-L0 15 12

cs gr, med gr cs gr,med gr

170 Fl 18-20 45-60 10 18
cs gr,ried gr cs gr,med gr

171 B-h• 6-8 25° 13-20 17-23
A1-4 above above 3, 0-852 S, 0-952

plain plain bn gv,med gr 0n gr,med gr

cs gr, blctcs cs gr, bldrs

172 Al-1 8 30 24 16
s, 98' s, 95%
clbs, bldrs clbs, bldrs

173 Ah-l-B-4 20-30 25-35 6-10 12-15
Ah-l-B-1 above above S, cs gr 3, cs gr

plain plain clbs, bldrs muck

174 Ah-I hO 35-25 6 26
SI 99 S3, 75%fn gr med gr, cs gr

cobs

175 B-h 5-14 5-25
S, 99% S, 98%
fn gr fn gr.,bldrs

ripran and
se~v'allc at
places

176 Al-4 15 50 11 19
S S; few bldrs

:1.77 Fh 400 4o-45 5-10 30
cs gr,slabs cs grcobs, bldrs

178 Fh-B-8 25-120 45 0-15 15-30
Ah-1-B-4 above above S, 10-655 S, 10-705'
B-4 plain plain mod grgcs gr med gr~cs ,

cobs, bldrs cribs, bldrs

179 Ah-] 55 ho-45 5 17
S S, 705

cs gr,bld~ro

4t• •
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Physio- Basic Height(ft.) Slope in Backshore: Foreshore: Photo
rTaphic coast bluff, degrees, width in ft.; width in ft.; number

unit zone cliff bluff or materials materials
nurfoer elements or dune cliff

180 b-h - 15-18 20-30
S, 98% S, 75-95%
fn gr cs gr

181 Al-h-U 18 10-15 No beach. RTeed marsh;
muck.

182 B-4-M 6-12 13-20
B-7-E-T- S, 99% S, 99%

fn gr fn gr

183 r-1-r o-12 5-P2

cobn, bld.rt

184 B-4 15 25 0-5 11-40
Al-4-B-h above above S S, 30-98%

plain plain cs gr,bldrs

185 B-1-M No beaches. Reed marsh
B-4- i-R in water. Riprip one place.

186 Artificial fill, sea walls, and riprap.

187 B-h-M No beaches. 2Heed marsh in water.
Huck bottom. Silt and
clay dredged up.

188 B-8-1 0-12 0-75
B-8-r-M S, 25-90% S, 65-90%

med gr, mud mud, cs gr
Reed marsh in water.

189 B-h-M 11 ft. 35 at Sand beach 0-20 ft. wide.
B-4-4.M-E bluff at only Reed marsh ofhshore. Sand
B-7-W4 one point blwff bar 10-20 ft. -,ride at places.
Al-Li-if

190 AI-4-M 8-12 35 0-6 8-20A.L---R s s
Ripra* at one

place.

191 B.h none. 0-20

B- -E Reed marsh ofs'hore
sand bnr
8-15 ft. vrLde
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Physio- Basic Height(ft.) Slope in Backshore: Foreshore: ?hoto
graphic coast bluff, degrees, width in ft.; -width in f1M.; nimiiber
unit zone cliff bluff or materials m aterial-
nunber elements or dune cliff

192 --E 0-20 18-30
S S

1 larinetto sit.
Reed marsh
offshore

193 B-h --- 5-60 18-40
S, 99-100% S 99-100%

B4--R fn gr fn gr, sawdust.
One place: no
beach; riprap.

194 Artificial fill behind seawall and riprap.

195 B-4 0-25 20-41 Figure 7
B-I S, 25-100% S, 10-99%i
B-4-IT med grcs gr cs gr,med gr
B-h-R driftyrood cobs, bldrs

driftwood
One place: no beach but

riprap and seavwall.

196 Al-.1  10 30 Beach zone 27 ft, vride.
3, 25'%. grcobs, bldrs.

197 B-4 7 30
S S

198 B-4-r Three rocky points 75-100 ft.
long. Ledge rock, cs g.,
slabs.

199 B-h-E Beach zone 20-40 ft. 'ride.
S
Bar 20-30 f1. wide.

200 B-4-r Point is ledge roclk •with
cs gr a-nd slabo.

Beach zone 10-60 ft. wride.
cs gr, bldrs, slabs, ledge.

201 B-4 --- 10-12 20-h2
S S

202 B-h-r Beach zone 15-50 it. vride.
es gr, slabs, bldchs, lodge.
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i.hysio- Basic Height(ft.) Slope in Backshore: Foreshore: Photo

graphic coast bluff, degrees, width in ft.; width in ft.; nuTiber

unit zone cliff bluff or materials na ter.i.L
number elements or dune cli:Cff

203 B-4 0-16 20-1,0
S , )"

fn gr,blclrs

201 Al-4 h0 35 none 27
cs gr,med gr
blc•rs, slabs

205 B-4 - -- 8-16 20-42
S, 98-100% S, 70-995,
fn gr fn gr,cobs,bldrs

206 B-h-r Beach zone 5C-75 ft. vdde.
cs gr, slabs, cobs,
ledge rock.

207 B-4 10-12 16-ho
B-4-E S S, 98-100%

bldrs
Bar 20-30 ft. ••ide
one place

209 B-;•. 10-115 17-40O Figure 6

s, 94-99% S, 92-97%
med gr,Th gr fn gr,med gr

bldrs

210 Al-h 10 40 Zone 71 ft. w-ide of cs gr,
cobs, slabs, blC.rs

211 B-4 --- --- 24-42 19-37
S, 70-99% 3, 70-995
med gr cs g •n g_

bldrs

212 B-h/1-r Zone 2.00-200 ft. w•ide
cs gr, sslabs,bldrs,ledge

213 B-h 17-21 54
B-4/, 92-99 S, ':0-995"

meed gr Cs !;r, mud

214 A1-II• 13 30-45 Bench zone 11 ft. ,'ide.
cs gr, cobs,bldrs.Imutd



h3.

?hysio- Basic Height(ft.) Slope in Backshore: Foreshore: Photo
grahic coast bluff, degrees, width in ft.; vridth in ft.; number

unit zone cliff bluff or materials matericls
number elements or dune cliff

215 B-1 --- Beach zone 90-175 ft. wide.
B-i cs gr, cobs,,bldr,, ,,Illledge.
B-4-r-41
B-4/8

216 B-4/8-r Bea.ch zone 100-160 ft. wide.
S, 25%. cs gr, slabs,
bldrs, ledge rock.

217 B-4 --- --- 25-4o 20-50
S, 75-100% S, 50-100%
fn gr,med gr fn grcs gr

218 B-4-B-7-M -. Wet zone 50-300 ft. tide.
B-h-4 MIud, sand, reeds in muck:

no true beaches.

219 B-4 - -- 23-44 17-21
B-4-C S S

220"- B-h,/8-r Beach zone 66 ft. ride.
co gr, ledge rock.

222 E-C .... 11-23 10-71
S S

223 E-41 -- - No beaches. Reed marsh
offshore.

224 B-441 - -- N beaches. Reed in
offshore.

225 AI-4-- 18 30 No beaches. Reeds in off-
shore. Bar 300 :d. offshore.

226 B-4 ---. Low sand )lain

227 F.-R -- - Bar and fill. huch oi shore
held by riprap.
Long stone jetties.

228 R -- --- Low sandy' plain and fill
held by v'alls and riprap.

229 B4- 4•s --- 16 25
S, wood S
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Phyrnio- Basic HeJght(ft.) Slope in Backshore: Foreshore: ?hoto
graphic coast bluff, degrees, wridth in ft.; 'ri.dth in ft.; nuiber
unit zono cliff bluff or materials materialL
niuber elements or dune cliff

230 Ah-4-4- 30-35 40 No beaches. Wet zone 10-ho
ft. .-ride. liud, gr, reeds.

231 B-4 Beach zone 0-30 ft. clide.
, 5%'. Gr, wood debris

232 A1-h-B-4-Z 8 30 No beaches. Reeds in
above above water offshore.
plain plain

233 Al-h-M 10-22 30-50 No beaches. Dm zone 5-40
Ah-i-M ft. wride. iud, gr. Reed

marsh in water. Road fill
90 ft. wide, one point.

234 Ah-..-r-41 90-100 40 Damp boach zone 30-75 ft.
wride. Gr, slabs, ledge,
mud. Reeds offshore.

235 Ah-4 25 45 Beach zone 0-18 ft. ,.de. Figure 24
S, fn gr. Riprap along
part of shore

236 B-h 10 25 0-39 0-18
B-41-1 above above S, 95-100% S, 99P
Al-h-B-h plain )lain fn gr,cs gr fn gr

237 P-h-4 12 30 Beach zone 0-12 ft. wide.
B-l/8--H above above cs gr. Reed march in water.
Al-4-B-4-1 plain plain

238 B-4/8 No boeches. Drn'mp sandy zone
at water a few ft. wide.

A1-b4I! plain plain

210 Ah-1" 25-30 35-4o Beach zone of S, 10-12 ft.
Ah-1-M,4 vride. Reed mnArsh offshore.

2h1 B-44! - Beach zone of S, 10-25 ft.
wide. Reed marsh offshore.

241A Al-4-A1-h-M 12 4o 8 6
"2" Bo s s

2h2 B-h-It ..... No beach. Reed marsh
o foshore.

w
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Physio- Basic Height(ftr) Slope in Backshore: Foreshore: Photo

grcphic coast bluff, degrees, width in ft.; width in ft.; nxmber

unit zone cliff bluff or materials materials

number element or dune cliff

243 B-4 -- Beach zone 55 ft. ride.
S, 98%. Fn gr

24b Al-4hAl-4 12 16 9
10- cs gr S, 405. cs gr

245 B-4 --- 25 34
S, 70i5 S, 25-90%
cs gr,bldrs cs gr,bldrs

246 Fl 15 90 Zone 21 ft. Yide of slabs
and cO gr.

247 Fh 28-50 60-90 10-.12 10-12
Fh-r es gr,bldrs S, 30/"

2h8 1-4/8 20-35 75-150
B-h/8-r cs gr,slabs cs gr, slabs

B-4-r ledge rock

249 Fh-B-h 30-35 90 Zone 30-35 ft. wide of Figure 20

above above cs gr and slabe
plain plain

250 Fh-r 30 90 Zone 10-15 ft. wide
of cs gr and slabs

251 Al-4-r 4-10 10-90 Zone 60-300 ft. Tride
Fl-r cs gr, slabs, ledge rock.

252 B-4-r --- Zone 90-250 yd. Tride.
B-4/8-r cs gr, slabs, ledge rock.

253 B-4 28 48
S S, 99%

bldrs

254 B-4/8-r 8-10 30 23 65
B-h-C-r above above S, fn gr S, mud, gr, slabs

plain plain One place: rock bench 250-
400 ft. ride.

255 B-4 -- Bench zone 75-200 ft. wide.
Hud, S, gr, bld-rs.

256 B-7-M -- Beach zone 75 it. irtde
MIud, S, gr.
Reed marsh offshore.
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Physio- Basic Height(ft.) Slope in Baccshore: Foreshore: Photo

gr:,phic corst bltuff, degrees, width in ft.; wo,.ith in ft.; nuber

unit zone cliff blhif or materials naterils
number elements or dune cliff___

257 B-4-r -cch zone 100-250 .t .
B-4/8-r .Iuc, co gr,slabs, lecde.

258 B1--C Dunes 4 40 22

ft. high S S

259 B-h 40 70-80
Q) fn gr ledgo rocd,

-ngul ar gr

260 B-4-C dunes 10 30 17

f£. hiGh S S

261 B-4-r-4. -- Zone 30-200 ft. 'ide.
Y3 i8-r-4 Roc', bench, stre.'m ':uith

B-h/8-r-I mud, ang;ular gr, slab.

262 B-4,-' 15 30 Mostly: no benches. Wet zone

B-7-1i above plr'in above of mu S:, -, gr up to 150 yd.
AI-h-B-4-C-i plain Tride. Reeed marsh offshore.

Bldrs.

263 B-h -5- 486
3., 755; 5, 8o50
fn 7 reed gr,cs gr

264 B-I-M Dunes I Beanch zone 00-o275 yd. wide.
SSnd, a few "peb.bles, mud.

Reed marsh offshore.

265 B-6-C Dunes -18 60
8 ss, 90%

savrdust, wood

266 R Low seavral~l hold artificial fill. Lamr plain.

267 B-h Dunes 30-37 39-45
B-4C 4 S S

268 B-1-r Dunes Dmp zone 75-180 ft. wride.

B-L-4--J 3 Ss gr. Slabs, rock ledge
at one point. Reeds
offshore.
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Physio- Batsic Height(ft.) Slope in Backshore: Foreshore: Photo
g•aphic coast bluff, degrees, width in ft.; width in ft.; nurtber

unit zone cliff blu.ff or materials materials
number elements or d une cliff

269 B-L-r -- 34-54 57-100
B..4/8-r-M S, 90-99% S, cs gr, slabs
B-8-r-4 med gr ledge rock

Elsewhere: zone 30-88 fs. wide
of gr, slabs, ledge.
Reed marsh offshore

270 B-L-4M No benches. ',et zone 90-125
B- ft. wide of S, much.

Reed mr.rsh offshore.

271 B-4-C Dunes 4 36 4t5
S S

272 B-- Dunes 20 Cliff 35 Wet beach zone 0-200 ft. wide.
Dl-B-4-.! Old bluff Niick, S, gr, bli•rs, bill.
Fh-B-7-M 10 Reed marsh offshore.
A1-B-7-Li Cliff 100

273 Ah-4-14 20-25 35 Zone 20 ft. wide of cs gr.
Reed marsh offshore.

27h Fh-B-4/8-r Cliff 50 Cliff 65-90 Beach zone LO-It7 ft. wide.
Bluff 15 Bluff 25 cs gr, slabs, rock bench.

275 Ah-C 35 17 33 23
s, 98% S, 25-99%
cs gr cs r[r

276 B-8-r Beach zone 36 ft. wide.
s, 10-95%
cs gr, slabs, rock ledge.

277 Fh 75-100 steep

278 Fl-Fl-B-8-r 80-100 10-15 Beach zone 32 ft. wide.
aboe above cs gr, sl.bs, bdrs
plain plain Little S.

279 B-l/8-r Betch zone 40-)65 ft. -ide.
cs gr, sJabs,b2cr,, lcdge.

280 B-8-M No beach. Reed marsh
offshore.

281 B-8-r --- Beach zone 25 ft. w'ide.
cs gr, slabs, rock ledge.

282 B-It-m No beachos. VTet zone 25 ft.
wide. Reed marsh.
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?hysio- Basic Height(ft.) Slope in Backshore: Foreshore: ?hoto

graphic coast blutff, degrees, width in ft.; width in ft.; nunber

unit zone cliff bluff or materials materials
nunber elements or dune clifft _______

283 Fh-B-8-r 30 65-90 Zone 17 ft. wide.
above above cs gr, rock bench.
,,lain ?I.%in

284 Fh-r 65 45-90 Zone 14 ft. wride. Cs gr.
Rock bench below.

285 B-8 P- -- Zone 30-250 ft. wride.
OS, 10-100. Cs gr, slabs,

B-8-r-M rock bench. Reed mt.rch st
onc place.

286 Fh-r-11 80 20-90 Zone 10 ft. wide.
cobs, cs gr. Ledge inferred.

287 Fh-Fl-r 780 1 Zone 36 ft. wide. Rock
10 -- bench; cs gr, slabs.

288 Ah-l-B-.1-r 25 30 Zone 25 ft. uride. Rock
above above bench vith slabs, cs gr.
plain plai-n

289 Fh-r 25-60 20-90 Zone 15-25 ft. wride.
Fh-Fh-r total Rubble, slabs, blocks.

Rock led-e.

290 Dlb-C Dunes 10 Bluff 30 14- 10-25
Bluff 15 S, 99% S, 50-60%

fn gr cs gr, cobs

291 B-4 -- 22 40-200
S, 99% S, 60-99%
fn gr fn gr,cs gr,cobs

292 Fh-r- 200 31-1:fr Zone 28 ft. wide.
cv gr, cobs, rock lectre.

293 Fh-B-4 205 90 Beach zone 25 ft. wide.
above cs gr.
plain

294 Fh 200 45-90 Zone of bldre, blocks and
slabs, 15 ft. wide.

295 B--4
A1-4-C/D.-4 15 moderate 20 24

above above S S, 95%
plain il'.in cs gr

- ,..-:j ,
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Phyvsio- Basic Height(ft.) Slope in Backshore: Foreshore: Photo
grapihic coast bl, degrees, wridth in ft.; width in ft.; n uter
unit zone cl... bluff mater'ials materi,:is
ntvber elonents or" dune or cliff _____f

296 B-4/1 Beach zone 60 ft. irf.de.
CS gr, some mud.

297 B-8-r
B--r -Berach zone 95-195 ft. -wide.

cs gr, sa1rbs, ledge rocl.
Sane mud or silt.

298 Dl-Cb 20 6 34 34
S, 93'% 3, 99/
fn gr fn g-.

299 B-4-C 5-15 18 31
dunes S S

300 B-8-r Zone 63 ft. wide.
cs gr on rock ledge.

301 DI-C-r 10-25,t 34-45 50-192
Dl-C dunes S, 97-95, S, 75%; gr.

Rn p' Ioc:, bench

302 B-4/8-r Low d (io grCvelly shore.
Ledge rock bclow.

303 B-7-.4.1 Wet marshyt shore.
Yo beach.

304 B--r - Zone 160-200 ft. -_ich.
cs gr, slabs, over rock bench.

305 B-4-Cb-r Dunes 35, nip 25 15-35 Figure 11
8-15 S s, 5o5
nip 10 cs gtr,ledge rock

306 B-8-r Bench narrouw; cs gr
and ledgc rock.

307 B-4-C-r-M Dunes 6 Bench zone 100-125 ft. vaide.
Wet; cs gr, S, rock ledge
below.

308 B-8-r-H --- Becch narrow; cs gr and
lodge rock.
ReeM marsh offshore

309 B-3-r --- Beach ncrrow; cs cr,
bldrs, ledge rock.

"I-#o . .. . ... 7
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'yi o - Ba sic a oight(I't.) Slo-pe in Backsh~ore: Foi-echoro: Photo
Cm-phi c cov~st bluff, degrees, w~idth in ft,,- vidth in ft,; ntunber
unit zon lif) - ,f bluf~f nmteri'kIs raterij.ls
nmiber elemients or dune Or i:'

310 B-8-r-49 - Ber-ch 7,one nairow; cs Er,

bldrs, ledre rock.
Reed marsh offshore.

311 B-.- -Zone 67-140 ft. vtrice.
B-4 us gr, slab:-, lrodre rock.ý

One place:
39 28

S

312 Ah-b. 45-o0 15-hýo 19-27 27-30
Ah-3/h/l S S

313 Ah-b-B-4 75-80 35-4O Zone 47-80 ft. wide.
B-h-C-r bl~f f bl~uff cs gr, slabni, bldrs, ledge.

One pl~ace!
13 16
S S

34 B-8-r ---- Be,,.ch zono narro-:T;
cs gr, bicirs, ledfg, rock.

35 Ah-mh--B4tr 15-25 370 Blort.h zone P04,.0 ft, wi~doe

S S

316 Ah4ýý-r 20 4O Beach zone 1,8 ft. vwide,
S, 50o,% cs ,fr. cobs.

317 B-4-r Dunes.,- 22-135 21-75
B.-)/i 5-20 S, 92-100O'.' 5, 9O-1OO5%
B-It-cb med gr -med Cr, os gr
D1/B-4/C-r slibs, ledge

318 Ah-4-B-4-C Bluff 25 I~i.u:Cf 25 21
Dunes 6 S. S

319 B-4-r - Beaých zon,., narrow.
V S, 50-90". cs gr.

Rock refin water.

320 B-4-C -- 20-3:, 20-29
S, 975, El
fn gr
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"Physlo- Basic Height(ft.) Slope in Backshore: Foreshore: Photo

graphic coast bluff, degrees, vidth in ft.; Ywidth in ft.; number

unit zone cliff bltuff materials materials
nutber elements or clune or cliff

321 B-4-r Beach zone 3L0 ft. vide.
S, 50o cs gr, L I:l .
Rock ledge.

322 B-4 20-58 36-43
B-4-c S S

323 B-h-r Zone 07 ft. wide. Inner 1/4
cs gr. Outer 3/4 rock bench.

324 B-4- 33 35
s, 855 F
wood wrooc debris

325 DI-C Dunes
15-20 

--- 26-44 47-50s, 95% S, 98%
wood wood

326 B-8-r --- Rock bench 20-O0 ft. T,.de.
cs gr stonrm beach.

190 Dunes 8 34-W05 19-66
B-11-C s, 85-951 25-95f
DI-B-4 S':ýdust sawdust

wood, fCn gr

328 B-8-r Rock bench 90-200 ft. wide
B-4/8-r CS gr, bwdrs, slabs

329 D1-C Dunes 52-123 16-39 Figure 17Dl-r 5-20 S, 20-1004 S. sawdust wvood
sawdust Ledge in wamter,

330 B-4-C-r DieDs Beach zone 20-375 ft. vwide.
B-4/8-r 4-20 Sand, logs, slabs, ledge.
B-4-Cb Also:

22-90 26-64
SI 8O-lOOt% s, 85-1o0o
cs gr, logs cs gr, cobs

bldrs, savdust
slabs, ledge rock

331 DI-Gb Dunes Kip 35 105 h0
6-10 S s
nip 6

332 Fl-r 900 NFarrow rocky beach zone.
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Physio. Basic Height(ft.) Slope in Backshore: Foreshore: Thoto0
graphic coast bluf f degrees. width in ft.; width in ft.; ncaber
uiit zone cliffI bluff mateOr.i4s .C materials
nnmber elements or dune or cliff -

333 B-4-Cb Dunes Nip 35 35-75 20-54
B-h-.C-r 8-28 S, 9 9 3, 95-loo5,

nip 10-12 fn gr med gr

334 Dl-Cb Dimes Bluff 39-55 48-74 Figure 12
Dh-Cb 6-55 30-40 S, 99-100% S., 99-100c%

D1/B-13-Cb Bluff fn Gr fn gr
5-10

335 B-8-r - -- Bench zone 0-200 ft. wide.
B-4/8-r Rock bench v..t S, cs gr,
F!-r sla.bs, bldrs. Bcnch avr•sh

if no benchn

336 B-1-C Dunes 48 31
7 S C

337 B-8-r Bluff Bluff No beach. Zone 0-60 ft. wide
AI-8 6-8 90 of slabs, bldrs, cs gr, ledge

rock.

338 B-4/8-r Dunes Nip Rock bench 30-195 ft. vido,
B-4/8-Cb 8-25 35-40 with bldrs, cs gr, sand at
B-4-Cb.-r nip places.

5-12
3 R -- Artificia! £.%J bohjinc sewa&L!.

340 B-4-C Partly: Fill of -t•:iped sand
B-4-C-R 250 yd. wide.

40-45 70
S S

31a B-4-r Zone 40-200 ft. vido o:" cs
gr, cobs, bVdrs, over
lodge rock.

342 B-Ih-E cs gr bc.ch ridge outside
i.et marsh.

343 -4-r -- Narrow bo.•ch zone of rock

And cs gr.

34h B-h-C Low dunes -- Narrov' beach of sand.

345 B-4 ------ rr•irr' beich of mind.

3L6 B-4-r .... Narrow beach zone ori'
rock and cs Sr.
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Physio- Basic Height(ft.) Slope in Backshoro: Foreshore: Photo
graphic coast bluff, degrees, width in ft.; vidth in ft.; number
unit Bono cliff bluff materials materials
number elements or dune or cliff

317 B-•r.. Dunes Beach zone 40-200 ft. wide:
B-4-C-r 5-12 bldrs, slabs, rock bench.

One place:

10 80
S, bldrs S, bldrs,

ledgo rock

348 B-4 Dunes 7-12 27-31
B-4-C 5-25 S, 96-100% s, 96-100%
D1 bldrs cobs, bldrz

One Place: zone 30-125 ft.
wide of cs gr, cobs, bldrs

348A DI-C Dunes 20 35
5-35 S S

349 B-4 Dunes Zone 40-60 ft. Tide of
B-4-r 4-25 es gr, cobs, slabs, bldrs.
DI-C Ledge inferred.

Elsewhere:
10-25 35-65
S, 30-100% S, 10-100%
fn gr, bldrs mud, cibs, bldrs.

350 B .12 25-87
S, 98% S, 88%
fngr fngr

351 B-4-r Narrow boach zone of
as gr and ledge rock-#

352 Pm-s Nu- lrw sctnd boveh.
3 B-4-E .. Narrow sand bench behind sand

bar.

355 B-4 --- 25 20-85
B-4-c S s, 92-100%
B-h-E bldrs

At some places: zone 50-60 ft.
wide: S, 25%; es gr, cobs,, bldra.

356 B-4s-r Narrow beach zone of gr and
lodge rook.
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Physio. Basic Height(ft.) Slope in Backshore: Foreshore: Photo
graphic coast bluff, degrees, width in ft.; wridth in ft.; number
unit zone cliff bluff materials materials
number elements or dune or cliff

357 B-4 Generally zone 25-90 ft. vide.
B-•-C S, 10-90%; cs gr, cobs, bldrs.

One place:
V, 40
S S

358 B-4/8-r Zone 30-60 ft. viride. Bldrs,
slabs, ledge rock.

359 B-4-C Dunes 17-20 27
6.-18 S S

360 B-4-C-r Dunes 10 12-4o
B.-C-r 8-15 S So 95%
B-418-r cs gr, cobs

One place: zone 20-30 ft.
wide of slabs, cobs, and
bldra. Lodge inferred.

361 B-4 Dunes 0-32 41-85

'o2 B-4./8.. -~ -n Zof cog sl~abg, b-Id±r
over ledge rock, 20-30 ft. wide.

363 B-4-C 15-22 40-46
S S, bldrs

364 B-4/8-r Zone 20-60 ft. wide of cobs,
slabs, bldrs, ledge rock.

365 B-4 15 76
S S, bldrs

366 BmI4/8-r Zone 30-40 ft. wide of cobs,
slabs, bldrs, ledge

367 B-h-C Dunes 20 37
15-25 s S

368 B-4/8-r' Zone 40-50 ft. wide of cobs,
slabs, bldrs, ledge rock.
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Physia- Basic Hoight(ft.) Slope in Backshore: Foreshore: Photo
graphic coast bluff, degrees, width in fte; width in ft.; number
Unit zone cliff bluff materials materinls
number eloments or dune or cliff

369 B-4-o Dunes - 15 Ito
15-25 S S

370 B-4/8-r - Zone 20-40 ft. wride of
cs gr over rock ledge.

371 B-4- -- -1 0 27
S S

372 B-4/8-r - - Zone 30-50 ft. wido of cobs,
slabs, bldrs. Ledge
inferred.

373 B-4-C 10 30
S s

374 B-8-r Zone 40-60 ft, wido of
cobs, slabs, bldrs.
Ledge rock inferred.

375 B-B-. -- 25-35 90
S S

Reed marsh
belhlind bar

376 B--r Bluff Bluff Meotly; zone 15-100 ft@ ride
B-4 10 30 of S, muck, reods, cobn,
B-4-M above bldrs, ledge rock.

Ah.J4-4 And muck 0-100 ft. svidoe
Reeds.
At 2 places:
10-17 17-40
S, bldrs S, csgrslabs

ledge rock

377 Ah4--B-. Bluff Bluff Mostly:
60-165 35-45 5-33 27-36

S S, few bldrs
One place: zone 15-40 fto

iride of cobs and bldrs.

378 Ah-PI. 80-175 36-43 8.20 25-60
A1044/. s, 99-1oo% S, 60-100%
Ah-r as grbldrs cobs, bldrs

i(
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Phy.io- Basic Height(ft.) Sloeo in Backshore. Foreshoro: Photo
graphic coast bluff, degrees, vidth in ft.; width in ft., nminr-br
unit zone cliff bluff materia ls materials
numbor elanonts or dune or cliff

379 DI/Al-I-B-4 D uff Mluff 25 15 30
11 S SP fow bldrs

380 Dh-C Dunes 30-35 9-h5 22-50
Dlb 15-70 S, 98%,bldrs S, 70-1000
Dhb Mluff Th gr, cobs
Dh-Cb 35 In places, single zone of S,

10-35 ft. vride.

381 B-4-r Dunes 5-35 15-5o
Dl-r 20-25 S, 0-1005/ S, lo-95%

cs grImed gr cS gr, slabs,
bldrs, ledge

382 B-1-C -- 20-25 70
S S

383 B-h Cliff 60 Cliff 75 0-52 10-65
B-4-r Bluff Bluff S, 0-100% S, 0-100%
Al-t4-B-4-r 10-30 35-25 cs gr fn gr,cs gr
B-8-r bldrs, ledge

Fh-AI.4B-a-r One place: h0-70 ft. zone of
cs gryslabs, ledge rock.,

384 B-4 h0 45'
S, 995 S, 99%
fn gr ,.n gr

385 B-4,-r Cliff or Cliff or 0-22 0-75
B-8-r bluff bluff S, 10-85% S, 10-4o%
Fh.AI-4t-B-4 18-25 30-60 med gr,cs gr cs gr,slabs
FI-B-j bldr.39 lodge

B-8-r cs gr med grcs gr,
cobs, ledge

387 A1-4 10-15 30 Beach of S -nd gr

388 B-h-C Durxs 0-23 34-38
5-15 S S

389 B-4i-r - 30 Io
s, 20% r 15%
Cs gr, bldrs cs gr,bldrs

ledge
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?hysio- Basic Height(ft.) Slope in Baskohoro: Foreshoro: Photo

grsphic coast bluff, degrees, width in ft.; width in ft.; number

unit zone cliff bluff mnterials mate:rials

n=iber elements or dume or cli.ff -

390 B-7-M Narrow wet sandy beach
zone. Reed marsh offshore

391 B-3-C-r Dunes Beanch zone of sand.

U-10 Rock ledge mainl-, a\7ash.

392 B-4-Cb Dunes 0 38

8 S

393 B-h-r -- 0-30 48-75
gr stonri bea.ch S, 10%

cs gr, cobs,
slabs, bldrs
ledge

394 B-h Dunes 0-38 22-38
B-h-Cb 6-10 S, 15-i00,• S, 20-100%

fn grcs gr

395 B-h-Cb Dunes 23-135 30-45

B-4-r 8-15 S, 80-100/ S) 10-100%
B-3-r med gr mod gr,cs ,r

ledge rock

396 B-h-r-M Rock bench, submerged. Figure 23
Bldrs, reed marsh.

397 B-4-C Low Sandy beach zone.
dunes

398 D1-Cb Dunes Dunes 0-3142 17-100
Dh-Cb 8-100 10-32 S, 80-99% S, 85-98%
Dlb med gr, bldrs fn grmed gr

Dhb cv; gr, bldrs

399 Ah-Dlb Dunes Bluff 8-33 25
Dh-Al-h-Cb )-90 30 S, 50-98% S, 10-75%

Bluff fn Gr,ca gr co grmpc gr
20-60

400 B-4 Bluff Bluff 21-100 24-42
Ah-B-4 90 30 S, 65-94% So 50-95%

cs gr fn gr,cs gr
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Physio. Basic Height(,) Slope in Backshorc: Foreshore: Photo
gn-Z.yAc coast bluff, degrees, vidth in ft.; vidth in ft.; n•nbor

unit zone Cliff blitff materials materials
nunber olmnents or dune or cliff

401 Ah-4/1-Dhb Bluff Bluff 0-40 33-42
Ah-1/4-Dlb 35-150 35 S, 98-100% S, 98-100%

Dwier bldrs bldro

402 Ah-4,/1
Ah-1/4-Al-h-Dhb BlLuff Bluff 12-45 15-48
Ah-1-A1-4-Cb 70-150 30-35 S, 97-100% S, 9.3-100%
Ah-4/I-C Dunes fn gr, bldrs fn gr,mod gr

10-75 bldrs

h03 Ah-14/1/, 200-250 30-35 25-42 25-42
S, 97-1.005% 5, 97-99%
cobs, bldrs En gr, blcdrs

h04 Ah-Dh/Al-4 Bluff Bluff 0-bO 20-38
Ah-B-h-D1-Cb 75-200 30 S, 97-100% S, 9b-98%
Ah-1-B-44-Cb Dunes Dunes cs gr) bldrs fn gr,cs gr
AJ.-B--4 10-75 10-35 bldrs

405 Ah-44A 125 30 18 48
S S

406 Ah-I-B-4 Bluff Bluff 27 33
125 30 S S

4o6A Dhb Dunes Bluff 8-42 10-27
Dlb-Cb 12-70 20-35 S, 88-100% s, 95%
Ah-DI-Cb med gr fn gr

407 B-4 Bluff Bluff 0-21 0-36
fl-i 10 25 cs gr till, cs gr.,
A1-4-B-4 mod gr, bl¢rs

One place:
8, 100%

In part, riprap and seawall.

408 Dh-Cb Dunes 10-32 12-15 42-45
10-75 s s

4o9 B-h 0-15 16-18
cs Lrr cs gr

410 A1--44/ 20-25 40 none 10-12
med gr,cobs



52.

Physio- Basic Height(ft.) Slope in Backshoro: Foreshore: Photo
graphic coast bluff, degrees, iridth in ft*; vidth in ft.; number
unit -ono cliff bluff materials materi•3.s
nunber elements or dune or cliff

411 Fh-Ah-4 20-55 25-90 0-19 0-15
F1 cs gr, cobs cs gr, cobsB-4 fill in part bldrs

412 Fh-B-4-r cliff Cliff 0-39 0-23
C/b-4-r 35 30 cobs., cs g" cs gr, cobs

bldrs

l13 Al-I 7 0-18 10-12
Ah-4-Ah-4 cs gr S, 0-2c5%

cs gr, bldrs

414 Fh- Cliff Bluff Shore held. by somrall and
50-60 30 riprap.

415 nhB-4.. Cliff Caiff none 12-18
4o 30 cs gr

tIh'1-F 20-"t 20-30
B-8

417 B-4 Fill 21-36 18-50
R 8-15 S, 20-95% S, 10-25%

fn gr, cobs cs gr, cobs
bldrs

418 R Fill along low plain.

419 B-4-r Bluff Bluff 9-35 15-120
Al-4 12 35-40 S, 10-99% S, 10-95%
Dlb-C Dunes cs gr cs gr, bldrs

5 ledge rock

419A Dh-Cb Dunes 30-45 12-30 2!-29
15-75 S S, 97-99%

fngr

41.9B Ah-4 Bluff 10-30 15-35 16-50
AI-h 35-75 S, 10-97% S, 20-95%
Ah-3/4-C med gr,cs gr fn gr, mod gr

es gr
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Physio- Basio Height(ft.) Slope in Backahore: foreshore: Photo

graplLic coast bluff, degrees, width in ft.; width in ft#; n*riber

unit zono cliff bluff materials materials

nmnber elements or dune or cliff

419c B-4 0-14 17-25
S, 20-90% S, 20-.95%
cs grmed gr med grcs gr
bldr. bldrs

419D B-4-r Bluff Bluff 12-50 20-130
A1-B-3-r 15-20 20 fn gr,cs gr fn gr, cs gr

bldrs bldrs,lodge

W19E Dlb Dunes 30 12 20
20-30 Ss 93-95% S. 90-92%

cs gr fngr

419F B-4-r Bliuff Bluff 0-90 10-180
AlJI-B-4-r 20-25 20-25 S, 10-85% s, 10-60%

fn gros gr cs gr,bldrs
slabs,ledge

I19G Dlb Dunes Dunes 12-27 25-36
D1-Cb 8.40 10-40 S S, 96-99%

fn gr

43.9I" B-8-r -- - Beach zone of gr and
ledge rock

4191 D1 Dunes Bar of S (95%) and fn gr
Dl-Cb 5-35 encloses lagoon.

Bar and lagoon 150 ft. wide.

419J B-14- Dune s 20-90 3-30 12-60
B-4-Cb 3-35 where S, 30-100% S, 5-98%

B-4-C-r Bluff present fn gr,cs gr fn grcs g"
A1-41A-C 10-25 bldrs

Tvwo points of cas gr and bldrs,
115 and 375 ft. long.

420 A"/ii-4I-I-B-.4 3030 none C.V
202 /sCs gr,bldrs

421 Ah-i
Ah-3/4/4/8 25 30 9 20

S, 95% S, 90-92,
as gr fn gr

h22 Fh 18-30 30-90 0-21 0-30
s,, 75% s, 50-70%
cs gr as gr, slabs
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Plc.rsio- Basic Height(ft.) Slope in Backshore: Foreshore: Photo

graphic coast bluff, degreos, width in ft.; width :i ft.; numbor

unit sono cliff bluff materials materials
nuaber elements or dune or cliff --- _

423 AI-4I, 10-25 15-35 10-50 14-50
Al-h-b S, 0-100% S, 0-100%
Al-4/8 fn gr,cs gr fn gr, racd gr
B-2/8 cs grbldrs

424 B-h Dunes 5.21 9-35
B-4-c 5-20 S, 10-98% S, 0-97%
B-4-r fn gr,cs gr fn gr,med gr

cs grbldrs

425 Ah-4/4 21-25 35-40 15-38 14-27
Ah-4/5 S, 70-90% S,. 65-94h5

es gr,bldrs fn gr,bldrs

426 D1-C Dunes 7-20 18-47
B-4 5-15 5, 80-98% S, 30-98%

fn gr,cs gr fn grcs gr
clbsbldrs

427 Ah-3/418 20-25 37 45 26
s, 98% S, 95%
fn gr fn gr

428 Dl-B-4-r Dunes Bluff 23-32 10-23 Figure 18
DIb-C 5-30 35-45 S, 4o-96% S, 25-98%
Dl-A.-4/5 Bluff fn grcs gr fn grbldrs

10-25 bldrs

429 DM/Al-4/I Dunes 45 none 29
10-15 s, 99%
Bluff 18 fn gr

430 Di Dunes 15-35 15-63 17-40
M~b 3-40 s, 65-100% S, 85-99%
Dl-C Nip 3-15 fa grcs gr fn gr,cobs

bldrs
431 B4 Bluff Bluff 0-75 0-55

B-4-C 6-8 30 S, 97% S, 95-99%

Al-4 fn grbldrs fn grbldrs

132 Al-4-C 8 20 25 5o
S, 70% S, 25%
mod gr fn gr,med gr
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Physio. Basic Height(ft.) Slope in Backshore: Foreshore: Photo
graphic coast bluff, degrees, width in ft.; width in ft.; numbor
'unit zone cliff bluff materials materials
hunber elemonts or dune or cliff

433 B-4 Dimes 30-38 0-4o 10-35
D1-BZ- 5-20 S, 65-97% s, 65-97%
B-h-C Bluff fn grcs gr fn gr

Al-4-B-h-C 12-15 bldrs

434 Ah-I-Dl-C Bluff 60 Bluff 20 9
Dunes 43 S, 92% S, 97%
3-30 fn gr fn gr

435 AI-4-C Bluff 30-35 12-18 14-25
Al-4 5-18 s, 65-99% S, 99%

fngr fngr

436 Ah-1-Al-4/1 40-70 3O-45 8-30 12-15
Ah-.h-C 18 S, 93-98% S, 90-97%

fn grbldrs fn gr,till

437 Al-4-C 10-15 35-40 16-23 21-32,
S, 97-99% S, 97-99%
fngr fngr

438 B-4 1-30 19-27
S, 95-97% S, 97-98%
fngr fngr

439 Ah.h/1/5lauh • 30-38 No beaches. Shore is fill

held. by riprap.

44o B-4 - -- 6-15 6-15
B-4-R S s

In part, seavrall along beach.

441 AlA 10-20 10-90 0-15 0-15
B-4 s, 5o-ioo% s, 50-98%
AI-4 fn pr,mod gr ftn Vr,oo Ur

b1drs €obsbldra

442 Ah-i4 200 37 Beach zono 10-15 ft. wide,
S and fn gr. Riprap holds
road.

441•3 A1-4 15-30 lOgo 0-15 4-25
B-4 3, 20-98% S, 20-99%
Aho4-Al-4 mod gr,cs gr es gr,cobs
AI--4"-AI- bldr bldrs
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Physic- Basic Height(ft*) Slops in Backshore: Foreshore: Photo
graphic coast bluff, degrees, width in ft.; width in ft.; ntmber
unit zone cliff bluff materials materials
number elements or dune or cliff

444 B-h- 30 25
B-4 S, 97% S, 97%

fn gr fn gr
In partt vt beach 10-20 ft.
wide, s and muck; reed
march offshore.

445 Ah-l or 4 0 35 8-20 10-16
Ah..4-.A"h.1 30-100 so 80-100% S, 10-90%

fn gr,bldrs cs grcobs,
bldrs

M6 Dmes 10-30 9.8 10-23
Ah-I.D 5-40 s, 70-100% S, 75-100

single fn gr, bldra mod gr,bldrs
bluff 30

W47 Al-4 5O-6o 30 7-12 7-1
Ah 1-1 1- 2 s, 90-96% S, 75-97%

med grbldrs cs grbldrs

1448 D1.i3I&ýO DUiMBa- 6412 12-22
.1 " 54 5 So 924100% s 4N-100%

Bý4 ~~fn gr dr

449 Ah-4 : 5-30 12-15 27
A--4152 S, 88% S, 90%

fngr fn gr

o450 . - - 7 9
S S

41$A]. L 35 9 6
Ah-4,i1.4 20 S S

Riprap

452 1--4 5-12 10-114

S S
453 10-30 4-20 .9-65

Al-4-. 1 0 S, 65-100% S, 20-98%

B-4 fn gr,cs gr Crn grcs gr
bldrs cobsbldrs

454 Ah-4 25 30 none 9
S, o40'
Cs gr
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Physio.- Basic Height(ft.) Slope in Backshoret Foreshore: Photo
graphic coast bluff, degrees, width in ft.; ivrdth in ft.; ,nunber
unit zone cliff bluff materials materials
number elements or dune or cliff

45 B-4 5-37 12-21
B-4-M S, 93--100% S, 97-100%
B-4-R fngr fngr

From Traverse City northvoest:
shore protected by fill and
seawalls or piling.

456 Al-J4  12-20 10-30 0-10 1-15
S, 50-100% s, 10-99%
fn grcs gr fn grcs gr
bldrs bldrs

457 Ah-2 g 35-40 none 10
"A2/5-Al-4 20--O S, cobsbldrs

1458 Ai-4.-M 2-3 10-30 0-26 11-17
Al-4-A-4 1T0-16 S, 0-99% S, 5o-95%
AI-4-B-4 fn grmed gr fn gr, cobs

bldrs bldrs, muck
One place! reed marsh

459 R-4 - 9 21
S S

460 Al-1 20 40 4 12-14
fn r S 25%

cobs, bldrs

461 B-4 -- 22 30
S, 97% s, 96%
fn gr fn gr

462 Ah-a 90-100 40 4-8 24
s 95% so%
fn gr fn gr, bldrs

1463 A1-14
A4544-4 -ý10 1-3 0-45 9-33 FiGure 3

Ah4A"~/5~IA 12-125 S, 20-100% so o-95%
fn gr,med gr fn grcs gr
cs gr cobs, bldrs

464 B.4 Bluff 30 0-o. 3-12
A-14-B-1 8-15 fn gr s, 50-100%

fn gr, fill
Reed marsh at one place,
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Ptb.io. Basic Height(ft.) Slope in Backshore: Foreshore: Photo
graphio coast bluff, degrees, width in ft.; Tridth in ft.; nunbor
unit zone cliff bluff materials materials
number olements or dune or cliff

465 Al-.4Al-4 10-15 10-35 0-9 6-15
Al-4h S, 15-90% S, 20-92%
B-4 fn grmed gr fn gr,cs gr

cs gr cobs, bldrs

466 B-4 - - none 16
s, 97%
fn gr

467 Al-4-Al-4 15-18 30 3 19
15-18 Cs gr S, 35%

cs gr

467A B-4 -- 14 21
fn gr S, 25%

fngr

468 Al-4 6-18 10-30 0-12 0-45
S, 15-99% S, 10-99%
fn grimed gr fn grr,med gr

cs gr, cobs.
Riprap one place.

469 B-4 --- 10-12 20-38
S s, 50-96%

fn gr,cs gr
bldrs

1170 Al-4-Al.&-4 2~ 25-30 5 20

bldrs - zone
of seepage

471 B-4 - 0-18 20-30
B-4.M s- 99% S, 75-99%

fn gr muck, cobbles
Reeds offshore one place.

472 Al-4 Low 15-25 Sandy boach zone.

473 B-4 - - 0-10 21-51
S, 2d-100% s, 65-99%
fn gr:mod gr fn grmned gr
mud as gr, cobs

bldrs, mud



66.

Physio- Basic Height(ft.) Slope in Backshore: Foreshore: PhotoV graphic coast bluff, degrees, width in ft.; width in ft.; number
unit zone cliff bluff materials materials

3 number elements or dune or cliff

474 AI-4 10-25 20-40 0-20 13-22
cs r S, 10-40511 cs gr, cobs

bldrs

1475 B-4 none 30
cs gr, cobs
bldrs

476 A1-4 10 15 none 17
fn gr, cobs
bldrs

477 B- o 0-20 15-22
S, 65% S, 20-100%
fngr fngr

478 A1-4 10 10-15 12 33
S, 70% S, 35%
med gr, bldrs med grcs gr

mud

479 B-4 16 15
S S

46o D1-Cb Dunes 10-25 18 16
K D1-C 5-30 s, 96% s, 96%

fngr fngr

i4 181 B-4 5540 35 5-33 18-100
A1-4 Where where (100 one point)S, 10-92%
AI-4-B-4 bluff bluff S, 10-95% med gr,cs gr

fn gr,med gr cobs, bldrs
as gr, cobs

p mud

482 DM-0 Dunes Dunes 3..0, 12-77
Dh-Cb 5-h 10-s. 8, 85-100% S, 70-100%
DMb fn grmed gr fn gr,cs gr
DM-Ob cobs, bldrs

183 Ah-I 35-250 35--45 7-415 17-56
Ah.-5-Cb s, 5-98% S, 10-99%
A h-/A as gr, cobs fn gr,med gr
Ah.1/5 bidrs cas gr, dobs

bldrs

I
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Physio.- Basic Height(ft.) Slope in *Backshore: Foreshore: Photo

graphic coast bluff, degrees, width in ft.; width in ft.; nunber

unit zone cliff bluff materials materials

number elements or dune or cliff

484 Al-4 15 40-45 none 25
S, 95%
cs gr, cobs
bidrs

485 Dl-C Dunes Nip 20-35 17-38
Dh-Cb 6-60 30 S, 97-100% S, 97->99

Nip 5 C gr fn gr, mud
bldrs

485 A Ah-4/I 75 30 24 16
S S, 96%
a few bldrs fn gr

486 DI-Cb Dunes Bluff 15-63 30".8
Dlb 20-85 15-20 S, 85-96% 8, 88-96%

Dhb/kl-4 Bluff med grcs gr fn grmed gr
20-30 cobs cobs
Nip 5

487 Ah-1 150-200 35-75 12-J48 lh-29

Ah-1.,4,5 S, 10-97% S, 10-85%
fn grcs gr fn gr,med gr
cobs, bldrs cs gr, bldrs
mud

48& B-4-Cb Bluff 10-30, 8-38 27-50
AI.-4-B-11 8-10 nip S, 98-100% S, 96-99%

Dunes fn gr fn gr
1.5-20

489 D1-cb BlufZ Bluff 4,.18 24-56

DlbP/-4 35-60 35 S, 30-99% S, Wo-99%
Dunes fn gr,cs gr fn gr,cs gr
15-40 bldrs

490 A1h.1/I4 3O-goo 110050 2.6 3-27
S, 10% s, lo04:O%
cs gr, cobs cs gr, cobs
bldrs bldrs

490A " 4-Mb Iluff' 30 21 35
20 So95% S, 92%
Dunes med gr med gr
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Physio- Basic Height(ft.) Slope in Backshore: Foreshore: Photo
graphic coast bluff, degrees, width in ft.; width in ft.; nunmber
unit %one cliff bluff materials materials
number elements or dune or cliff

491 Ah-4-Cb 25-30 30 22 43
S, 96% 9, 97
hi gr fngr

492 Ah-DI-C Bluff 10-30 21 44
est. 40 S S, 97%
Dunes f gr
8-30

493A Dl-C Dunes 10-30 8-75 18-59
Dh-C 3-50 S, 65-loo% S, 40-1OO%
DI-B-4-C Nip fn gr,med gr fn gr,med gr
B4 3-15 cs gr csgr

493 Ah-l 50-375 30-90 0-42 16-36
Av-4 (Al, 18 Ft.) S, 65-99% S, 15-98%
Ah-1-Dhb fn gr, cs gr fn grcs gr
A1-4 cobs, bldrs

494 Ah-I-C Bluff 35 12-41 20-36
Ah-1-Dl-Cb 45-175 S) 99% S, 99%

Dunes fn gr fn gr
10-20

h95 B-4 - -- 31 31-4o
S, 99% S, 82-99%
csgr fngr

496 -.c Dunes Dunes 30-75P 22-36
15-35 10-20 S, 97-99% S, 93-97%

no nip fn gr fn gr,med gr

497 B-4 19-3h 53-57
S, 93-97% S, 95-98%
med grIcs gr fn gr,cs gr

1.0 Dhl.D..J rAU10" no nip nt.11

cs ýr cs gr

499 Ab-4 Bluff 34-35 0-20 16-27
Ab-l-Dh 25-500 s, 98% S, 82-90%
Dl/Ah4h fn gr
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Physioc- Basic Height(ft.) Slope in Backshore: Foreshore: Photo
graphic coast bluff, degrees, width in ft.; width in ft.; nunber
unit zone cliff bluff materials materials

number elerents or dune or cliff

500 B--4 -Cb.E Dunes 3540 35 30
15-5 S S, 98%
Nip 6-10 fn gr

501 Dhb Dunes 33-35 37-40 26448
Dlb.E 15-90 S S, 98%

Bluff fn gr
10-75

502 B 4  - 22 22
S 3, 96%

fngr

503 Dh/A14 Bluff 32-35 none 15-32
Ah-1 275-375 S, 65-85%

fn gr,cs gr
bldrs

504 D--Cb Dunes none 57
10-40 S
Nip 8

$0% Dh-Cb Dunes Narrow sand beach.10-45
Nip 10

506 D1.Cb Dunes 45 72
15-50 so 80-85% s, 95%
Nip 10 med gr med grJ 0T Mb Dunes 30 21 75
30440 S S
Bluff 25

568 Dh-C Dunes Beach zone of sand 50-60
20-70 feet wide*

509 Ah-l.,.Jh-b Bluff 20-35 54 27
125-o50 s, 40% s, 65%
Dunes rmcd grcs gr med gr,fn gr
15-60

510 Ah-1/4-Cb Bluff Muff 15-57 23-40
"100.-50 30-40 S, 70-85% s, 40-9o%
Dunes fn grcsgr " n•grgmed gr
15-60
Nip 10-15
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Physio- Basic Height(ft.) Slope in Backshore: Foreshore: Photo

graphic coast bluff, dogrees, width in ft.; width in fto; nunber

unit zone cliff bluff materials materials

nunber elements or dime or cliff

511 Dbh-Cb Bluff 35 20-24 25
Ai-4-Dhb 10-50 S, 70-99% S, 50-95%

Dunes med gr fn grmed gr

15-9o

512 Ah-3/4 200-35o 30-35 0-32 18-21
Ah-4/l/4 S, clay S, 922-10oo5

fn gr

513 Al-Gb Dunes 25-30 18 36

10-20 S S

Nip 3-8

514 Dh/Ah-.1.-Cb Bluff 25-35 25-45 25-72 Figure 2

50-200 S S

515 Ah-1/4 75-330 30 0-50 15-51
Ah•/•4/1 S S, 97-100%

fngr

516 Dh-Cb Dunes 30-32 16-70 22-40

Dhb 50-90 S S, 92-100%
Foredunes fn gr
10-35
Nip 4-12

516A Ah-4 290-300 34-40 18-21 28-30
S, 80-99% S, 65-92%
fn gr,.,ca gr fn gr,med gr

517 B-4-Cb Dunes 30 12-27 18-24
M-cb 15-40 S, 96-100% S, 65-10o%

Nip 5-12 fn gr med gr

518 Z.Cb Dunes 30-42
10-20 S, 75-0o0%

520 Ah-1 5o-15o 34 0-36 22..h%
Ah-.4/ S s, 65-95%
Ah-1/4 fn gr

521 B-I.-Cb D'nes 30 12 40
6-10 S S, 96%

Nip 5 fngr
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Physio- Basic Height(ft.) Slope°in Backahore: Foreshore: Photo

graphic coast bluff, degrees, width in ft.; width in ft.; number
unit zone cliff bluff materials materials
number elements or dune or cliff

522 AhIt 275-350 35 0-10 10-35
S, 95% 3, 50-921
fn gr cs grbldrs

523 Dlb Dunes 25-30 20-25 3o-65
Dhb-,b 10-75 S S

Bluff
6-44o

524 B-4-Cb Dunes --- none 32
10-15 s

525 Ah-4 115-125 32-35 0-48 27-45
Ah-l/14-Cb S, 96..-00% S, 95-98%

cobs,fn gr fn gr

526 Dhb Dunes 35 10-40 27-50

527 Ed-Cb Dunes 30 21 30
1o-15 S s, 95%

fngr

528 Ah-1,5,4 50-120 30-50 0-24 8-48
Ah-441 S s, 0-100%
Ah-1-Cb fn grcobs

bldrs

529 Dhb Dunes 32 Sandy beach zone.
40 plus

530 Cb Dunes 0-,48 0o48 24-70
Dh-Cb 10-50 S S S, 97-100%

Nip 4-10 fn gr

531 Ah-i 310-125 35-90 none 20-60
S, 95%
fngr

532 Ah-4-1Cb Bluff 25-30 21-33 18
4o06o s, 95-100% S, 92-95%
Dunes fn gr fn gr
10-15

___
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Ptysio-. Basic Hoight(ft.) Slope in Backshore: FToreshore: Photo

graphic coast bluff, degrees, width in ft.; width in ft.; nUmber

unit zone cliff bluff materials materials

number elements or duno or cliff

533 Di-Cb Dunes 35 4O-6O 45-L8
Dhb-Cb 10-60 8 S, 99%

Nip fn gr
6-10

534 Ah-4/1 75-95 35--J5 0-12 10-36
Ah-1/h S, 90-96% s, 90-96%

fn gr fgr

535 Al-4 15 25 18 15
s, 95% s, 95%
fngr fngr

Dunes
536 Ah-Dh 75-125 15-32 33 36

Nip 10 S S, 88-90%
fngr

537 D1-Cb Dunes 30, 25-.75 40-72
Dh-Cb 20-150 Nip S, 96.100% S, 92-100

Nip 25-18 fn gr fn grmed gr
seawalls one
area

538 A1-4-C Bluff 0-75 35-75
Dl/A1-J 15-20 8 S

Dunes
6-8

539 EdCb Dunes 20-30 O-4o 30
20-25 S, 98% S, 96-ao0%
Nip 5-12 fn gr fngr

Ah4A/1 5, 90100% g, 5o-07%
Ah-2A/ fn grmed gr fn gr,med gr
Ah-3/ cob grbldrs

Dh-Cb Dunes Nip 0-60 25-75
Dhb-Cb 20-a50 25-34 8 S

Nip 10-55

542 B.Cb Dunes 30 30 90
253 S S
Nip 10-20
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Physio-. Basic Height(ft.) Slope in Backshore: Foreshore: Photo

graphic coast bluff, degrees, width in ft.; width in ft.; nunber

unit zone cliff bluff mnterials materials

number elements or dune or cliff

543 Dh-Cb Dunes 30 40 55
20-100 S S
Nip 10-a5

544 Dhb-Cb Dunes 30 35 45
15-125 s s
Nip 8-15

545 Ah-l..Cb Bluff 30 none 60-85

5o-1oo s

546 Dhb Dunes 35 0-45 35-115
Dh-Cb 4o-125 S S
DIb Nip

4-35

547 Al-.-Dh-Cb Bluff 30 none 30-.35

185 S
Dunes
30-100

548 Dh-Cb Dunes

Dhb-C 15-150 30 0-20 20-75
Nip 10-20 S S

549 Ah-i-b 60-200 35 none 35-90
Ah-2 S
Ah-1/2-Cb

550 Dh-Cb Dunes 30 0-30 50-115
Dhb 15-125 S

55 h45-5 3"m0 0-15 0-75
Ah-I-C S S

552 Dh/Ah-4 Dunes 35 none 0-108
100-125 S .
Bluff
20-75

553 Dh-Cb Dunes 30 25-35 25-95
15-50 s s
Nip
5-15

55 Dhb Dunes 75 37 none 0-30
Bluff 60 S
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Phi'sio- Basic HeiGht(Ite) Slope in Backshore: Foreshorei Photo

-- 111 co1ct blu ,r degreos, width in ft.-, width in -t.; number

unit zone cliff bluff materials materials

number elements or dune or cliff f

555 E-Cb Dunes Sandy beach zone.
low

556 Dh/Ah-b Dunes 175 35 10 35
Dhb Bluff 35 S S

557 Ah-4 12-50 33--37 0-30 20-50
S S

558 Dhb Dunes 30 none 45-75
75o00 

S

Bluff
40-75

559 Dhb-R 20 ft. beach bohind groins
and seawall.

560 D1-Cb Diune 30 0-55 0-ts"

Dhb o0-25 S S
Nip One area: semxall.
4-15 .1

561 Dhb Dunes 30 Beach zone 40-50 ft. wide

50-100 of sand. Local seavalls
Bluff and jetties. beach 60-150

30-40 ft, wide near breakwater.

562 Dhb-Cb Dunes 30 70 60
20-50 s s
Nip 8-10

563 Dhb Dunes 30 0-40 20-65
40-100 S S
Bluff5-40

564 Dh-Cb Dimes 30 0-140 33-45
lhb-Cb 15-75 S S

Nip
10-18

565 Dhb Dimos 30 Sandy beach zones
LO-70
Bluff
20-30
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Basio- Bsic Height(ft.) Slope in Bachcsheore:rezhore Photo

graphic coast bluff, degrees, vridth in ft.; vidth in ft.; nuibor

unit zone cliff bluff materials materials

number elements or dune or cliff -_

566 B-44.Cb Dunes 30 25 35

Dhb-Cb 20-60 where S S

Nip nip
10-12

567 Phb D.unos 30 Sandy beach zone.

4o-6o

568 D1/Ah-4/1 Bluff 30-o40 none 5-60

Di/Ah-•/2 4O-45 S

569 Dhb Dunes 30 25 50

Cb 20-o0 S S

Nip
8-10

570 Dhb Dunes 30 Sandy beach zone

4o-6o

571 Dh-Cb Dunes 30 25 25
25-60 S S

Nip lO-15

572 Dhb 75-100 31 none 35
S

573 Dhb-Cb Dunes 30 none 42
25-60 s

574 Dhb Bluff 35 42-50 4S-75
20-50 S s

55 D1/Ah.4i. Bluff 32 1.0-15 0-3
55S S

576 Dh-Cb Dunes 30 25 45-50
15-8o S S
Nip 10-15

577 Dl/Ah.h.Cb Bluff 30 25 45-105
D1/Ah-4 45-50 S S

578 Ah-4 25 30 20-25 30-35
S S
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Physio- Basic Height(ft.) Slope in Backshore: Foreshore: Photo

graphic coast bluff, degrees, width in ft.; width in ft.; number

unit zone cliff bluff materials materials

number elements or dune or cliff

579 Dh/Ah-4 Dunes 30 none 50

40-75 
s

Blv.f f 25

580 Dhb Dunes 30 Sandy beach zone.

4o-6o

581 Dhb-Cb Dunes 30 30-40 60-75

20-200 S S

Nip 10

582 Dhb 100-255 33 none 355-405

583 Dh-Cb 15-100 30 20 33
S S

584 DI-Cb Dunes 30 Sandy beach zone

10-30
Nip 5-10

585 Dh-Cb Dunes 30 none 50

25-60 S

Nip
20-25

586 Ah-1 50-71 45--90 none 8-80
S) 25-0"3%
med grcs gr
cobs, bldrs

Dunes

587 Dl/Ah-1/4 20--4 45-70 0-2C 45-80

Dh/Ah-l-Cb Bluff S S, 98.-100%

6-33 
cobs, fn gr

588 Ah-.1 Bluff 35-90 0-35 25-168
Ah-1/4 40.-125 S, 98-1%0* Ss 40-100%

Ah-4-Cb silt, cobs fn gr,med gr

cobs

589 B-44-C Dunos 30 45 84

B-h-Cb 12-15 s s

590 Ah-R 40 35 ITo beach - steel soawnll.
Bluff in artificial fill.

591 Ah-I 50-55 50-60 No boo•ches.
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Physio- Basic Height(ft.) Slope in Backsore: Foreshore: Photo

graphic coast bluff, degrees, width in ft.; width in ft.; number

unit zone cliff bluff materials materials

number elements or dune or cliff

592, D1/Ah-4 0-4t8 43 none 30-55
S, 96-99%
fn gr,cobs

593 Ah-4/5 30 45-60 none 40-45
S

594 Dh-Cb Dunes 30 0-30 20-90 Figure 13

Dhb 10-200 S S, 60-100% Figre IL

Nip fn gr
5-12

595 Ah-I 90-11O LO0-h9 none 40-95

Ah-1/4/5 S

596 B-4-Cb Dunes 25 30 35 72

Nip 6 S S, 95-97%
fn gr

597 Ah-D1-C Bluff Bluff Wide sandy beach held by
2M-30 20 groins and long harbor
Dunu seawall.
5-1o

598 Ah-R 10-30 30-40 Artificial fill and seawall..

Ah-l/5,4 8,0 9ý 8S, 9o%
fn gr fn gr,clay
seawall, in
part

600 Dhb Bluff 30 20 40
30-50 S S

601 Dlb 20-40 30 30 70
S S

602 Dhb Dunes 36 20-40 45-70
40-a25 S
Bluff
10-30

603 Dhb.Cb Dunes 30 0-50 30-110
Dh-Cb 20-1.25 S S, 98-100%
D14-b Nip 5-10 fn gr
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Physio- Basic Height(ft.) Slope in Backshore: Foreshore: Photo

graphic coast bluff, degrees, width in ft.; width in ft.; number

unit zone cliff bluff materials materials
number elements or dune or cliff

604 Ah-l 20-60 35-50 0-30 40-100
Ah-l-Cb S, clay S, 95-98%
Ah-3 fn gr,cclay

605 Dhb Dunes 30-35 30 45
40-50 S S, 95-100%
Bluff med gr
20-25

606 B-6-Cb Dunes 29 none 93-108
20-30 S, 90-99%
Nip 5-10 fn gr

607 Dhb Dunes 24-4o 0-91 42-148 Figure 15
Dhb-Cb 10-130 S, 2K-100% So 65-99%
Dlb Bluff fn gr fn gr,clay

10-110

608 Dl-C Dunes Narrow 120
10-25 S s, 95%

fngr

609 Dlb-C Dunes 30 40-100 87-12%
D1-C 154-0 S O, 96-100%

Bluff fn gr
10-15
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Figure 1, Ah-1/-4A. Bluff 55-60 Figure 2. tDh/Ah.-h/l-Cb. Old bluff

feet high of till,, over lacustriine on left 175-200 feet high including

sand and gravel, over till. Fresh capping oi high dunes. Belt of

steep slope indicates recent wave forodunos 10-15 foot high, with nip

erosion. Narrow beach of sand and 6-8 feet high. Sandy beach.

coarse gravel. Physiographic Unit ?hysiographic 'Unit No. 514.
No. 54.

Figure 3. Ah-2/5/4-l-hi. Old bluff at Figure 4. Al-l. Bluff of till

left 130 feet high; lower plain at 13-14 feet high. Beach of sand,
right and in middJ~e distance has bluff gravel$ and boulders. Frecsh slope

15-.20 feet high. 1Iigh,,r bluff is of and fallen tree indicate rapid wave
gl~rkial sand and gravel, over lacus- ernsion.
trine clay and silt, over lacustrino Physiographic Unit TNo. 42.

ý,ind snd rravpl; low bluff is of
la-iistrine sand and gravel. Narrow
bench of sand, gravel, and cobbles.
P'hysiorraphic 'Unit No. 46,1.



Figure 5, Al-5. Bluff 15 feet high Figure 6. 13-4. Low wooded plain oil
of lacustr'ine silt and clay. Beach ).acustrine sand and gravel.. Broad
of sand. Fresh bluff face and over- beach of sand anid a few boulders,
hazging sod indicate ra-pid wave w~hich may come from till below.
erosion. Beach appears to be aggrading.
Thysiopgraphic Unit No. 42. Physiographic Unit No. 209.

Figure 7. B-h.' Lor~r plainl of Figurn 8. ?2-L. Lo;panof lacus-.
bouldery Incustrine gravel, 'with trifle sand and gravel w~ith broad
boulder and cobble bench. Under- sandy beach. House stands on ns~tite.
mined trees showy that wav~e erosion hold by boulder sea wa~ll, that now
is taking p~tacoo projects 135 feet into lake beyond
IPhyniogranhic Unit No. 195. water line on north and south. House

wa built in 1938, and sca-,vall was
bul n15.Active wavo erosion

betw'oon 19050 and 19.1ý6 is in~dicated.
Physiographic UTnit No, 1,
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Figure 9. B-4-r. Low plain of Figure 10. B-h-r. Low plain of
copzse lacustrine gravel (shows at coarse lacustriie gravel and sand
right) overlying slabby dolomite bed- (exposed at right). Narrow beach
rock ,Jhich forms bench in beach zone. zone of gravel. cobbles, boulders,
Bench strewn with blocks and slabs, and dolomite slabs. Dolomite bedrock
Physiographic Unit No. 138,, is exposed near this area and is

inferred here,
Physiographic Unit No. 69.

Figure .1. B--h-Cb-r. Low wooded plain Figure 12. Dh-Cb. Wooded dunes inof lacustrine sand and gravel, with right distance 50-55 feet high. Belt
marginal belt 75-90 yards wide of fore- 100-200 foot wide of foredunes 10-30
dunes 8-15 feet high. Nip 10 foot foot high, with low nip above broad
high. Beach of sand, coarse gravel, sand beach. Gmll river on right
and angular shingle. Bedrock roof lies back of forcdunes.
inferrod, Physiographic UnO t No, 33h.
?hysiogrthic Unit No, 305.



Fi& 3 Ih-'Dns1611 ,otriue1' hC.Iodddrsa
hih uesn et n1 etofrgt10fe ih oeue

lacutric sad ad grvelat bse f (fregound 1,-20 eethilihg82.t

blf.Fehbufidctsrcnt68fo i.Bahzn fsn

beach dicate -

I ysiogrphi U nit No. lh 594t Pyioigure ýhi W. JL NhoC.T~c 594. a

highdune sandM r Aest ion 5 et o5 right 130 feet-4- hg.FrDunes 1ý
j2 faoothighnradbahefsn sand and gravelatbeof (rgon) 12-24 feet abgve lath

bldufin rvl ee. Fresh bluff ndctsrcn6-foti.Behzone ofn shond
actigapcUiveo 67 wave erosion. inro anyndgae. recent yearosi Bonasdn

beachh oficatnd adpl
PhysograhicUnitNo. 9&.Physiogrs'phic Unit No. 48,.



Fiue17. D1-r. Low~ wooded duncot, Figure 18. D1-B-Qi. Gravel bar(left background) viith very broad onclosinga lagoon. At left beyondjbeach mainl~y of sardust *-nd drift-,-ood. viow is gravcl foreland or pL~niii in
wth about 20% sand. Rock reefs near front of low dunes,

wate lie deendbeah atplaps.Physiographic Unit No, 428,
Yciterani Uf dfndibt c 1 at 329.co . ..

AM riguwe 20. Fh-B-4~. C.Ii'_f of shaly
OEM* dolomite and l~imestone., 30-35 feet

high* At left is loyw gravolJ foreland
....... 6-.8 foot abv lake. Bec is of

angular shingle and slabs,
Figuire 19. Ph. Vertical cliff ofPhysioeraphic Uni~t No, 2h19,
dolcm±te 35-45. fect high. Narrow~
beach zono of anxgular slabs) blocks and
shingle.
Phyoiographic Unit No. 114,~
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Figure 21. Fl. Plain of' dolomite Figure 22./ Plnin of dolomite about
about 18 feet above water, writh 18 feet above water. Vertical cliff
vertical! cliff 12-15 feet high. No about 114 feot high. N-'rroyr 'beach
beach zone. zone of cobbles and small boulders.
Physio-raoThic Unit No. 31[9. Physiographic Unit 1No,, 1L.9.

Figure 23. B.-h~-r-4.. Bench and off. Figure 214. Ah-h. Idnrgin of a px.Lain
choro zone of lovr plain of' lacustrino of lacustrine sand and gravel 25-30sanid and gravol. Bench zone of sand, foot above lake. Road rostb on fill
coarr~o gra~vol, :%nd slabs, Roofs of stabilized by gran3s tind protacted
dolomite show through beach doposits At bano. from wavos by riprap ridge.
at places. Offshore zone 50-.300 Physiogrnphic Unit No. 235.
yards, i-rdo, is filled vdith rueds,
Phyrsiogriplhlx Un!it No. 396.
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?flESE-T,!2 AMD PAST C \ITG'S 1; TIM S-FO=O Zotl
Shore Processes - - oradation and Retro.-re.ýation

AlJon most of the Lake Michiogmi shore zone, wave and current zction has

either built out (prograded) or cut back (retrograded) the land. These

Trocessos have been slow or rapid, depending on a nizaber of factors. In gen-

eral, erosion seems to have been most c=&-on. Deposition or progracation

occurs where n large amount of secednient is sup'plied to the shore by tributary

streams or shore erosion nearby, or where a large mnou'nt of sed.iment in long-

shore transit is caught by some projecting point or structure. N'Io large

amounts of sedimnent are being brought into Lake Michign by tribu.tary streans.

Where man has built long piers, groins, or other structures out froai the shore,

these have locally caught longshore drift so as to create bea.ches uu tbo

severa.l himdred feet wide. At a few places the config-iration of tha shoreline

has led to a concentration of longshore drift at certa:.in points - notably at

Point Betsie in Denzie Coimty, and Big Sa.ble Point in Mason County, ichigan.

But at most places the shore is relatively stable or ha3 suffered recession.

The rate of such recession depends on such factors as the folLoIng:

Height of backland above mean lake level.

Materip!s cornposin- b.cl-!.nd and lrndface, -ahethcr weak, or strong.

Abund•.nce mid coarseness of beach materials, whether moved in fron
elsewhere or derived from the retreating landface by erosion and
assorted by vavo %ction.

Exposure to lake stonrs and waves. The inner shores of bays suffer

feeblor wrve attaclk tha,.n healj.ancls or straight stretches of. shore.

Protective structures built by man.

Level of Lpke :ichigan. During7 periods of high avorago lnko level,
wave attack is sever.l times more vigorous than during periods
of low avera•ge level.

Unusual stonrs of great severity.

41
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The factors whi..h vary most strongly with respect to time are the tao

last named. The m')an monthly level has shown extremes, since 185h, of 577.2

feet in February, 1933, and 583.8 feet in July, 1859. From 1900 to 1953 the

I level averaged 579.9 feet, with unusually high levels occurring in 1918,

1929, and the period 1943 to 1952. Unusually low levels occurred in 1926 and

S193h. Without oxception, aoccleratod shora erosion hAn tA1(on plAOO dlwinv

times of high water, while during low water, beaches have -micdned and wave

attack on the landface has been much less effective. Records kept since 1854

show that lake levels have fluctuated in an irregular pattern with timles of

high water recurring, on the average, every ten to twelve years. Past wave

erosion has varied with these changes in lake levels.

The problem of present wave eros:"on and shore retreat is a very serious

Sone to both muLicipalities and indiviluals. As such, it has been persistently

t studied by engineers and engineering organizations, including the Beach Erosion

Board of the U.S. Army,, Corps of Engineers. The latter organization has

lI published the results of detailed shore studies in Hilwaukee and Racine

Coiuties, Wisconsin; the city of Kenosha; and Lake and Cook Counties, Illinois.

A similar report on Berrien County, ,1ichigan, is now ready. To these reports

I the reader is referred for information on enginecring aspects of the shore

F problem.

Former Studies of Shoreline Changes

L The problem of Lake Michigan shore recession under wave attack was studied

[T as early as 1864 by Charles Yhittlesey in the Milwaukee aroa, and 1868 and

1870 by Henry M. Bannister in Illinois. Although neither gave quantitative

[• measuremonts, both authorities concluded that past wear of bluffs may have

amountod to hundreds of feot and that the annual rate was severl feet at
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many places. In 1870 Ednund Andrevs* computed that, in a period of 15 to 35

*' Andrews, Eftund, "The North American Lakes Considered as Chronometers of
Post-Glacial Tine," Trans. Chicago Acad. Sci., Vol. II, 1870, pp. 1-24.

years preceding 1870, annual recession of the shore averar'ed 5.28 feet at 23

selected points between Evanston and Xanitowoc. T. C. Chamberlin in 1877

published results of computations by P. R. Hoy, S. G. Knight, and himselfJ'P

* Chamberlin, T. C., "Geology of Wisconsin," Vol. II, 1877, pp. 219-233.

Hoy foimd that Racine cemetery suffered an average annual loss, between 18h0

and 1884, of 9.73 feet per year. Knight found that between 1836 and 1874,

the average recession at 18 section and quarter-section lines in Racine County

was 3.33 feet annually. Ch~mberlin computed that the average annual loss at 8

section lines in Milwaukee Comity, between 1835 and 1874, was 2.79 feet.

Frank Leverett in 1899h*,' published results of measurements made by Surveyor

4w** Leverett, Frank, "The Illinois Glacial Lobe," U.S.G.S. Mon. XOXVIII,
1899, p. 458.

Otnl1',n of Berrio•n 0oatymW Ificiganj which indicated an average annual loss, at

8 points in that oounty duing tho 41, to 7 roare follo1ing 1828, of 3.30

foot.

Botroen 1905 and 1907, the low bluff in lacustrine clay and silt at Man-

ito;vc, '"Isoonsin, suffered an annual recession of more than 40 feet, according

to J. W. Goldthwait.*m* W. E. OBrien found that 6 section and quarter

ON**N Goldthrait, James W., "Abandoned Shorelines of Eastrn= Wisconsin."
Wise. Geol. and Nat. Hist. Surv., Bufl. 17, 1907, p. 58.
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section lines in Kenosha County, •'isconsin, showed an averago annuml loss of

6.84 foot boeten 1835 and 1922.* J. R. Ball found that 4 measured lines

* Ball, J. R., and Pov•ers, W. E., Shore Recession in Southeastern 1`1isconsin:
Trans. Ill. Acad. Sciences Vol, 22, 1930, p. 438.

north of Kenosha showmd an average annual recession for the period 1918-1921,

a time of high water, of 12.33 feet par year.** At the same place the loss

** Ball and Powers, Idem. p. 439.

between 1921 and 1929, a period of generally low water, averaged only 0.73

feet per year.

Mlore recent studies have confirmed the fact of substantial losses to the

shore. In four segments along the Pijlwaulcee County line, the Beach Erosion

Board computed the average annual losses between 1836 and 19h1 to be, from

north to south, 2.5 feet, 1.6 feet, 2.8 feet, and 1.2 feet.*** The Beach

*i* U. S. Army, Corps of Engineers, Beach Erosion Board, Beach Erosion Study,
Lake Michigan Shore Line of Milwmukee County, Wisconsin: U.S. House of
Representatives, 79th Congress, 2nd Session, 1946, Document No. 526, p. 13.

Erosion Board determined that bluff recession averaged about 2 feet per year

north of the harbor in Kenosha, and about 4 feet south of th-ý harbor, between

1872 and 1955.4HHý

*9$* U*S. Army, Corps of Engineers, Beach Erosion Board, City of Xenosha,
Wisconsin, Beach Erosion Control Study: House of Representatives, 84th
Congross, 2nd Session, 1955, Document No. 273, p. 11

In Illinois, the past history of the shoreline from Wilmette and nortlward

to the Wisconsin line shows contradictions because (1) part of this shore is

a low lako plain of natural accretion, and (2) much of the shore here has
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boon developed since 1910 with protective structures which have promoted

accretion, oven though erosion had been dominant previously.* The low lake

. - - ------ --------------

* U. S. Army, Corps of Engineers, Beach Erosion Board, Illinois Shore of Lake
Michign, Beach Erosion Control Study: House of Ropresentaitves, 83d Congress,
"Is- Session, 1953, Document No. 28, pp. 30-31.

plain near Camp Logan and the Wisconsin )ine suffered erosion losses averaging

7.5 feet per year betwean 1872 and 1946. In rJaukegan, the same lake plain,

during the smc period, shoTred an average annual accretion of 17.6 feet!

Part of this gain may have been fill placed by man. Behavior of the coastline

south of Waukegan shows similar contradictions, although losses of from I to

nearly 6 foot per year occurred at certain points bet-eon 1872 and 1910.

At sane places, the process changed from recession to accretion after 1910,

due to development of the shore.

Remeasurements to the Lake Michigan Shore at Identifiable Points

A part of the present study is an attempt to evnluato past changes in the

shoreline at places other than those studied by th'- Beach Erosion Board. Early

basic measurements were furnished by (a) the original U. S. government tow-

ship surveys, dating from the 18301s for most of the Lake i iiclhigan shore area,

but with some notes dated from 1829 to 1855j and (b) surveyed plats of shore

subdivivierw dating wmainy fr 1.90O 'o 19oo bu Wi~th A fR'w oM'14ol And Ifiars~

No surveyed plat was used of later date than 1837.

Field notes made during the original U, S, government tovnship surveys

record the distances from section and qtmrtor posts to the "meander line"

of the lake. The "meander line" avs never precisely defined, but clearly it

waa seldom, if over, identified writh the water line. In many cases the

measuroments wore obviously made to some point at or near the edge of the
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bluff, whore prosent. Our rosurveys were carried in every case to the edge

of the bluff, and thus our computed recession must be sane-:hat loss than the

actual, Wherever the original meander line was inland from the bluff edge.

The pattern of roads aid field boundaries on aerial photos shows many section

and quarter corners. All of these that could be identified within 1/2 mile

to 1 mile of the lake were tabulated, and their original chatiod 6istances

to the meander line of the lake were procured from copies of the original

field notes filed in state offices in Madison, Wisconsin; Lansing, iUichigan;

and Indianapolis, Indiana. where possible, those distances were remeasured in

the field, either with a steel tape or by stadia measurement with a telescopic

alidade. Tests of the latter method indicated a probable error of no more

than 0.5%, a value on most lines far snaller than the change in position of

the shore or meander line. In no case was an original corner or quarter post

* recovered, but the position of long established fence lines and other boundary

indications chocked closely with the chained distances given in the original

survey. It is believed that most if not all points of origin used for re-

measurement were correct to within 3 to 5 feet of their true position.

A considerable number of surveyed subdivision plats were obtained from

county engineers and recorders of deeds. The courtesy and assistance of

lessrs. H. E. Stafseth and William Osner of the Highvmy Commission of Ottava

"County, Michigan is gratefully acknowrledged. Mtany of these plats gave dis-

tances to the waterline rather than to bluffs or other features above the

beach sono. Inasmuch as povition of the waterline changes, -without erosion

of or accretion to the shore, by any change in vrator level, such measurements

are less satisfactory than those to a bluff crest which can change only by

further rocossion. In some of the older subdivision plats, it proved impossible
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in the field to recover tho original street pattern and other reference points.

Some of the projects had been abandoned; in oheors, a second and different

subdivision plan had been superimposed or, the first. Hovover- approximately

20 remeasuroments wore established 'rnm thesc plats and arc included ini

Table MI.

A samtary of the results of remeasurements at 134 selected points along

the Lake lRichigan shoreline is given in Table III. For each point is listed

the location, date of original survey, gain or loss in feet up to the year

1957, and average change per year in feet. Of the 134 points or stations,

six showed not gain or accretion, generally small but amounting in one case to

5.86 feet per year betwoen 1902 and 1957. Four stations shoTmd no change

during the period of record. One hundred twenty-four stations showed recession,

averaging l.h7 feet per year. The greatest loss, 3.40 feet per year since

1835-36, was recorded in Kenosha County. Thirty-four stations showed an

average annual loss of more than 2 foot, and 36, a loss of between 1 and 2

fact. Only 13 stations showed a total loss of more than 300 feet during the

period of record. For these and saiilar details, the reader is referred to

Table III.

The total recession and its average annual rate as determined for these

134 statiu am e both smaller than would be expected from most of the earlier

studies reviewed under "Former Studios of Shoreline Changes" above. It is

apparent that such men as Chamberlin, Hoy and Goldthwait considered only shore

segments of unusually severe erosion.
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Table III. Sunary of Past Erosion or Accretion at 134 Selected

,Points on the Lake Michigan Shore

No, County Tier Range Sec. Description Ditc Gain(+) Change
Orig. or loss Per
Survey (--) in Year

feet to

1 Kenosha 1 N 23 E 32 14W Corner 1835-6 1016- 8.40-

2 Kenosha 1 N 23 E 7 NE Corner V1335-6 512- 4.23-

3 Kenosha 2 N 23 E 31 NE Corner 1635-6 23+ 0.19+

4 Kenosha 2 N 23 E 5 SW Corner 1835-6 297- 2.45-

5 Kenosha 2 N 23 E 5 NW Corner 1835-6 460- 3,80-

6 Racine 3 N 23 E 4 N * Post 1850 136- 1.12-

6A Racine 4 N 23 E 34 N of W 1926 40- 1.33-
Post

7 Racine 4 N 23 E 27 SW Corner 1835-6 186- 1.54-

8 Racine 4 N 23 E 17 E ¼ Post 1835-6 142- 1.17-

9 Maine 4 N 23 E 7 N , Pont 1835-4 422-. 3.49-

9A Ozaukee 9 N 22E 33 SE 1900 35-. 0.61-

9B o0vauke 9 N 22 28 W* 1.926 0 0

10 Ozaukae 9 N 22 E 29 NE Corner 1833-4 279.- 2.27-

21 Ozaukee 9 N 2P E 8 S ¼ Post 1833-5 353- 2.89-

12 Otaukee 9 N 22 E 5 S , Poat 1833-5 372- 3.05-

13 Osaukee 10 N 22 E 32 NE Corner 1833-5 416.- 3.41-

14 Ozmi'kee 10 N 22 E 16 NE Corner 1833-5 203.- 1.66-

15 OrAukee 10 N 22 E 3 SW Corner 1833-5 206- 1.69-

16 Oziauke 11 N 22 E 2 S I Post 1833-5 1566- 1.28.

17 Ozaukee 12 N 23 E 30 NW Corner 1833-5 1. 0.01-

18 Ozaukee 12 N 22 E 25 S * Post 1833-5 14- 0,ii-
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No. County Tier Range Sec. Description Date Gain(-) Change
Orig. or loss Per
Survey (-) in Year

feet to

19 Osaukee 12 N 23 H 7 N orner 1833-5 lh- 0.11-

20 Oxaukee 12 N 23 E 6 NN Corner 1833-5 2- 0.02-

21 Sheboygan 13 N 23 E 19 NE Corner 1834-5 49- 0.40-

22 Sheboygan 33 N 23 E 30 SW Corner 183,1-5 52+ 0.42+

23 Sheboygan 13 N 23 E 5 SE Corner 1834-5 67- 0.55-

24 Sheboygan 14 N 23 E 15 SE Corner 1834-5 69- 0.57-

25 Sheboygan 14 N 23 B .2 S ) Post 1834-5 145- 1.19-

25A Sheboygan 15 N 23 E 35 NE 1891 67- 1.02

25B Sheboygan 15N 23E 11 SE 1926 0 0

26 Sheboygan 16 N 23 E 3A S I Post 1834-5 203-. 1.66-.

27 Sheboygan 16 N 23 E 27 SW Corner 183A-5 117- 0.96-

28 Sheboygan 16 N 23 E 27 W•!! Corner 1834-5 138- 1.13-

29 Sheboygan 16 N 23 E 22 W 1/8 Post, 1834-5 198- 1.62-.
N Line

30 Sheboygan 16 N 23 E 15 W'1/8 Post, 1834-5 115- 0.94-
N Line

31 Manitowoc 17 N 23 E 34 N I Post 1834 168- 1.37-

31A Manitowoc 17 N 23 E 27 1W -4 1856 74- 0.74-

31B Manitowoo 17 K 23 E 27 N.Iine 18M 24- 0.27-

32 Manitowoc 17 N 23 E 22 NE Corner 1834 55- 0.45-

33 Manitowoc 17 N 23 E U1 S 1 Post 1834 244- 1.98-

34 Manitowoc 17 N 23 E 2 NE Corner 1834 33- 0,27-

35 Manitowoo 18 N 23 E 24 E 1/8 Post 1834 24- 0.20-
N Line

36 UAanitowoo 18 N 24 E 7 Center 1834 245-. 1.99-.
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No. County Tier IWange Sec. Description Date Gain(-) Chingc

Orig. or loss Per
Survey (-) in Year

feet to- ---.. .. 1956-57
37 Hanitowoc 18 N 24 E 5 Y7 Corner Co1 139- 1.13--

38 Manitowoc 19 N 24 E 16 NE Corner 183h 23h- 1190-

39 Manitcwoc 21 N 25 E 30 SW Corner 1834 273- 2.22-

40 Manitowoc 21 N 24 E 2h4 T Corner 1834 350- 2.85-

41 •anitowoc 21 N 214 E 24 S - Post 1834 344- 2.79-
42 Manitowoc 21 N 214 E 2 S - Post 1834 2314- 1.90-

43 Manitowoc 21 N 24 E 2 N ¼ Post 1834 55- 0.45-

44 Kewaunee 22 N 24 E 36 W I Post 1834-5 272- 2.23-

45 Kewaunee 22 N 24 E 23 E 1/8 Post, 1834-5 205- 1.67-
S Side

46 Kevaunee 22 N 25 E 6 SW Corner 1834-5 52- 0.42.

47 Kewaunee 22 N 25 E 6 NW Corner 1834-5 57- 0.47-

48 Kewaunee 23 N 25 E 31 N • Post 1834 77- 0.63-
48A Kewaunee 23 N 25 E 20 NW M 1883 187+ 2.56+

49 Kewmunee 23 N 25 E 8 SW Corner 1834 140- 1.114-
50 Kewmunee 23 N 25 E 8 N -¼ Post 1831 74- 0.60-

51 Kewaunee 24 N 25 E 28 NW Corner 1834 33- 0.27-

52 Kewaunee 24 N 25 E 16 SW Corner 1834 29- 0.24-

53 Kewaunee 2h4 N 25 E 16 N ¼ Post 1834 80- 0.65-

514 Kowaunee 24 N 25 E 3 W 1/8 Post, 183b4 10+ 0.08+
N Side

55 Kewaunee 25 N 25 E 23 E 1/8 Post, 1834-5 61.. 0.50-

S Side

56 Door 26 N 26 E 21 SV Corner 1835 0 0
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IlTo. County Tior Range Sec. Description Date Cain(-) Change
Orig. or loss Per
Survey (-) in Year

feet to
1 -56-57

57 Door 26 N 26 E 21 E 1/8 Post; 1835 22- 0.18-
N Side

58 Door 26 N 26 E 4 S 2 Post 1835 24- 0.20-

59 Door 26 N 23 E 21 S T ?ost 1834 28- 0.23-

60 Door 26 N 23 E 16 NE Corner 1834 39- 0.32-

61 Door 26 N 23 E 28 S •j Post 1834 38- 0.31-

62 Door 26 N 23 E 32 E 1/8 Post, 183)1 114- 0.93-
S Side

63 Grand Traverse 28 N 10 W 31 SVI Corner 1839 93- 0.79-

614 Grand Traverse 29 N 10 77 27 NE Corner 1839 19- 0.16-

65 Grand Traverse 30 N 10 7 33 NE Corner 1839 8- 0.07-

66 Grand Traverse 29 N 10 W 9 SW Corner 1839 37- 0.31-

67 Leelanau 29 N 11 W 2 W 1/8 Post 1850 29- 0.27-
S Side

68 Leelanau 30 N 11 W 2( NE Corner 1851-2 0 0

69 Leelanau 32 N 10 W 17 SK Corner 1855 h42 0.41+-

70 Leelanau 32 N 10 W 7 NE Corner 1855 32- 0-31-

71 Leelanau 31 N 11 WF 7 NE Corner 1851 35- 0.33-

72 Leelanau 30 N 111 W 36 SE Corner 1839 l42- 0.36-

73 Leelanau 29 N 14 17 12 W 1/8 Post, 1839-50 398- 3.37-
N Side

7)4 eolanau 28 N 15W 24 E 1/8 Post, 1850 256. 2.40

S Side

75 Benzie 25 N 16 W 3 NE Corner 1838 70- 0.59-

76 Benzio 25 N 16 W 3 SE Corner 1838 382- 3.21-

77 Manistee 2)4 N 16 W 21 SE Cornor 1838-9 96- 0.81-
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No. County Tier Ruige Soc. Description Date Gain(-) Change
Orig. or loss Per
Sumvey (-) in Year

feet to- - - - _________ - 1l56-.•7 -

78 Manistee 23 N 16 WV 29 SE Corner 1902 322+ 5.86+

79 Manistee 22 N 17 W 25 NE Corner 1847 67- 0.6]-

80 Manistee 21 N 17 W 14 NW Corner 1837-9 88- 0.75-

81 Manistee 21 N 17 W 22 E 1/8 Post, 1837-9 68- 0.58-
N Side

82 Manistee 21 N 17 W 22 1/8 mi., S of 1923 54- 1.59-
E 1/8 Post,
N Line

83 Mason 18 N 18 17 10 SIT Corner 1838 178- 1.50-

84 Mason 18 N 18 W 35 SW Corner 1838 34- 0.29-

85 Mason 17 N 18 VT 14 NW Corner 1838 116- 0.97-

86 Oceana 15 N 18 VT 5 SE Corner 1838 214- 1.80-

87 Muskegon "12 N 18 W 23 SW Corner 1837 218- 1.82.

88 Muskegon 12 N 18 W 23 E 1/8 Post, 1837 128- 1.07-
N Side

89 Muskegon 11 N 17 W 31 NE Corner 1837 169- 1.41-

90 Muskegon 11 N 17 W 31 SE Corner 1837 94- 0.78-

91 Muskegon 10 N 17 Vi 8 NW Corner 1837 122- 1.02-

92 Muskegon 10 N 17 W 8 S I Post 1837 231- 1.93-

93 Muskegon 9 N 17 W 24 NW Corner 1837 10- 0.08-

94 Ottawa 7 N 16 W 28 N I Post 1832 - 0.76-

95 Ottmm 6 N 16W S I Post 1927 26- 0.87-

96 Ottawa 5 N 16 VT 4 NE Corner 1832 100- 0,80-

97 Ottawa 6 N 16 Vt 33 N J Post 1832 i1i4- 0.91-

98 ottMta 5 N 16 ' 9 Point on N-S 1932 80- 3.20-
¼ Line, 134 ft.
S of N 1/8 Line
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No. County Tier RanGe Sec. Description Date Gain(-) Chanceo
Orig. or loss Per Year
Sturvoy (--) in

foot to

99 Ottawn 5 N 16 7 4 Center 1932 139- 5.56-

100 Ottwra 5 N 16 vi 9 S P Post 1832 4- 0.03-

101 Ottawa 5 N 16,v 16 S P Post 1832 66- 0.53-

102 A.llegan It N 16 W 21 IWE Corner 1831 258- 2.03-

103 Allegan 3 N 16 W 20 N ? Post 1831 1)2- 1.13-

I0h Allegan 3 N 16 W 32 NE Corner 1831 194- 1.54-

105 Allegan 2 N 16 W 20 N7 Corner 1831 196- 1.55-

106 Allegan 2 N 16 W 30 N ¼ Post 1831 130- 1.03-

107 Allegan 1 N 17 W 36 WV Corner 1831 227- 1.80-

108 Allegan 1 N 17 W 36 SW Corner 1831 166- 1.32-

109 Van Buren 1 S 17 W 15 NVI Corner 1830 348- 2.74-

11O Van Buren 1 S 17 W 28 N -1 ?ost 1830 177- 1.40-

111 Berrien 3 S 18 W 21 SE Corner 1830 190- 3.07-

112 Berrien 3S 18 W 31 SE Corner 1830 25- 0.20-

113 Berrien 4 S 18 W 6 SE Corner 1830 354- 2.79-

114 Berrien 5 S 19 W 3 NE Corner 1829 258- 2.01-

115 Berrien 5 S 19 W 3 SW Corner 1829 312- I.11-

116 Berrien 5 S 19 W 16 N ¼ Post 1829 256- 2.00-

117 Berrien 7 S 20 W 9 S ¼ Post 1829 185- 1.45-

118 Berrion 7 S 21 TI 25 S i- Post 1829 372- 2.91-

119 La Porte, Ind. 38 N 3 r 12 SW Corner 1937 h5- 2.25-

120 Porter 38 11 5 VI 35 n v SE 2 1927 88- 3.03-

121 Porter 38 N 5 W 35 Near N-S 1927 68- 2.34-
Line

-'
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11o, County Tier Rlange Sec. Descrintion Date Gain(-) Change
Drifg. or loss Per Year
Survey (-) in

4,eet to
- - - -L9ý6- 7

122 Porter 38 NZ 5 35 Near SK Corner 1927 117- 4.,03-

123 Porter 37 N 5 W 3 IMINE~ 197I- q7

124 Porter 37N IT 5T 3 M7-1NE -41 1927 62-. 2.14.-

125 Porter 37 N 5'9 3 S7 -4 MV 14 1927 6o-. 2.07-

126 Porter 37 N 5W 4 SE14NE 14 1927 72w. 2.148

127 Porter 37 N 5 W 14 M7 -4 SE -4 1927 112- 3.86-

S Number of StMtions: 1314.

N~mrnl~r shmdrirr net accretion: 6

Average gain per year at the 6: 1.59 feet.

Number showing no change: 14.

Number showing net erosion loss: 1214.

Averare loss per year at- the 1.24: 1.147 feat.

Relation of Shore Changes to Lake Levels

It is apparent that the rate of shore chan~e., particularly erosion,, has

varied greatly. The factors chiefly responsible for such variation iri rate

of erosion are protective st~ructures built by man., storms of unusual severity.,

And fluctuations in mean lake lovel.

Protective structures have beon pltaced alone the lake shore at many

points by individuals and by municipalities, highwvay departments, railroads

and othor largo organizations. Tho scale of such structures rangos from in-

oxpensivo groins or soawralls of boulders placed at one or tiro points, to

massivo piers and walls or driven steel piling, cement, and heavy riprap so
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placed as to protect shore segments several hundred yards in length. '.There

such protective structures have been properly designed, sturdily built, and

of a scale sufficient to a.-otoct the entire area of critical erosion, they

have generally retarded or checked recession of the shore. Where they have

failed in their purpose, the failure has commonly been due to faulty design,

weak construction, and inadequate coverage of tho shore segment undergoing

erosion. A single individual can seldcm cope effectively with erosion of his

shore, partly because the cost of proper structures is generally beyond his

moans, but also because shoro erosion vrill continue on both sides of his property,

which then becomes subject to attack on 3 sides (see Figure 8). Because the

problem of such shore protection has been long and successfully investigated by

the U. S. Army, Corps of Engineers$ and by private engine.ering organizations,

it will not be discussed further in this report.

Unusually severe storms occur at irregular intervals and have often caus d

accelerated erosion of the shore. Among them are the stormo of October 22 and

29, 19291 September 28, 1945; May 28-29, 1947; January 1 and M4arch 26-28,

1948. The unusual vigor of wave attack during such storms is due partly to

greatly increased wind velocity and hence wave onergy andT height of raves; and

prvut17 tor UPn rs ~in YMtor Jrlyn1, wo~~e1 th nitrong! onohorr' ~ntlna Minoh

high water may exceed mean level for the period by as much as tyro feet. Data

on actual losses to the shoreline during such storms are meager. Recession

of from one to several feet during a single storm havo boon reported. Because

quantitative data over a considerable period of time are laclzing, no evaluation

of the total effects of unusual storms can be made here.

It has long been Imowm that fluctuations occur in the moan monthly and

annual levels of Lake Hiichigan. Fluctuations of even shorter poriods, often
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less than one day, are also ]movm and trc attributed to changes in wind

direction and barometric preossuro.* The monthly fluctuations follow comcwha."t

* Powers, IT. I., Effects of Barometric Pressure and Winds on the Level of
Lake IlIchigan: Trans., Illinois State Acad. of Science, vol. 27, 1934,

irrogulprly an annual cycle involving high water in early summer and Io7 water

in winter. The annmal fluctuations arc related partly to rainfall variations

but even more to variations in rate of evaporation. Mean annual lake levels

rise and fall irregularly with peaks occurring every 10 to 32 years. Since

1864, peaks in the lake level curve have occurred in .870, 1876, 1886, possibly

1893, 1899, 1905-8, 1918, 1929, 1903-1952. Levels wore very low in 1925-26,

and 1932-3'7. They were generally high for the decade 1943-52.

It is apparent that most shore erosion and recession occur during periods

of high water. Dated photographs of bluffs, taken in past years, commonly

show grassed and stable slopes during low water periods, but fresh cuts and

evidences of rapid erosion during high water. Newspaper accounts of wave

damage prove the sane relationship. However, there nre few actual measure-

ments recorded from year to year which permit the rolittionship of erosion

rate to lake loval to be put on a quantitative basis. By statistical analysis,

involving known fluctuations in lake level and vaLying rates of erosion along

the shore, the Beach Erosion Bo,,rd estimated that bluff recessLon in Milwma<ee

County averages 1.0 foot por year for a mnximdm lake level of 579 feet; 2.1

foot per year for 581 feet; and 3.2 feet per year for 583 foet.-"* Your

** Beach Erosion Board, U. S. Army Corps of Engineers, Beach Erosion Stucd,,
L:,ko Michigan Shore Line of lilwaukoo County, Wisconsin: U. S, House of
Reprosentatives, 79th Congress, 2nd Session, Document No. 526, 1946.

-------------------- -------------- -
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author believes that those figures are conservative and that annual erosion

at the 583-foot level would probably be far more than 3.2 times that at the

579-foot level. The work of J. R. Ball near Kenosha, quoted previously under

"Former Studios of Shoreline "IChangeos, shonrod an avora•i! annual roososion

of 12.33 feet per year frcm 1918 to 1921, when iLae levol avor_.g about,

580.6 feet; and 0.73 feet per year from 1921 to 1929, when lake level averaged

about 579.3 feet. It is apparent that yearly measurements on erosion over a

period of years are neededt before a quantitative relationship can be es-

tablished between lake levels and erosion rates.

A human factor also enters into this problem. Long periods of lov lake

levels, as that between 1929 and 1943, are times of bread beaches and feeble

wave abtack on the shore. Groins and other protective structures are allowed

to lapse into disrepair. Then when another high water period arrives, the

decenyed shore structures may be quicl,!T destroyed by wave action, and the

shore is left open to attack. Such was the situation in 1943, when the un.-

expected return to a high water level promptly caused serious dmaage to the

shore and shore properties, vrhich owvners often did not have the means to

combat immediately.

APFLICAI32LITY OF SHORELINE STUDIES ON LAKE ]14ICHIGJLN

TO OTHER LARGE INLAND LAK -.

Comrarable Large Lakes Elsewhere

La1ks comparable in size vo Lake Michigan include Superior, Huron, Eri(,;

and Ontario in the United States; Winnipeg, Athabaska, Great Slave, and Great

Bear in Canada; Caspian Sea, Aral. Soa, Ladoga, Bn!h.!ash, and Balkal in Eurasia;

and Victoria, Rudolf, Albert, Nyasa, and Tanganyika in Africa. Although
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cd:ffring greatly from Lake 1[ichig.an in outline, geological structure and

history, most of thieso lakes possess may similarities to Lake Michigan. A

foir differ notably in one particular: they lie deep bole-7 suurrounding mountains

or elevated plateaus. Specifically, Lake Baikal lies -amidst mountains,

,Lhiilo al. of Lh, African lakes c.-ce.t Victoria are in valleys sunk ceeply

below a .•lateau surface. On the contrary, the others are all in plains or low,-

lands and their shorelines possess many similarities to thi-e of La-- Michigan.

Processes similar to those on Lake Michigan are now modifying thre zact

zones of these other large lakes, and have done so in the past. Similar basic

shore zone features have been devoloped, including bluffs, c0Jffo, dunes,

bars, and nips. 7tith approprialue modifications where nccessaUry, the letter

code used for describing the shore zone elements of Lake ;{Lchigan can be

applied to all other large lakes. iUost of the 1,argcr shore zone features

identified on Lake Uichigan can be recognized on good aerial photo,,; of large

scale; this statement applies particularly to bluffs, cliffs, dcnes, low

plains, and other major features. Widths of beaches can be measured from the

photos; areas of active erosion can be identified by narrow beach zones and

lack of vegetation on fresh bluffs; the nature of beach materials can usually

be deduced from the character of the landface and backland areas and the in-

forrod nature of shoro processes. Associations of shore zone features. ob-

served in the Lake Michigan area, can be extended to other laurgo lake basins.

Therefore the typos of shore zone features on Lake Michigan, the methods

dovolopod for mapping them in code, and their observed combinations and

nasociations, can be applied to the study of any other large lake. By such

study, shore zone arean can bo identified which are best stated for mrnts

oporAtions, of whatover charactor they may be.
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Av, r DI:• I. Explanation of Gra.hic Sinbols used on the 26 Section laps
of the Lake ichigan Shore.

71
/' Dune 71 feet high. Shore at left.

90
66.,- thbu f6N

,./- -• Duno 90 foot hi gh, v•th bluff 66 ft :igh.

61

-June 30 f-et high, in front of dune 61 feet high.

65

- 32 Pluff 65 feet high.

32

Dune 32 feet high, on u.land with bluff 50 feet high.

36 -

Dune at base of bluff 36 feet high.

30/-"
/

SLorvmr and higher b!x•ffs, .0 and 30 fect high.

3-
---- Rock cliff 35 feet h3igh.

12 L22• er and higher rock ciffs, 1.2 and 25 feet high.

22.

9r -Y Rock cliff 9 feet high, bc~o'; Bluff 22 feet high, al.'ove.

32
_ _ Bluff 33 feet hivch, bclcrv; cliff 27 feet high, aboim.

19

48n8bo
.. _•'Dime on up.,land;. bluffs beow•' nnd nbovo.



APPM=NDLX II. Code (Letter and Nuneral) Used in Field LAapping, in Table
II, in Descriptions of Figures, and on the 26 Section faps
Shmving Characteristics of the Shore Zone.

A. Upland with bluff.
Ah -- high bluff, more than 20 feet high.
A! - low bluff, less than 20 feet high.

Materials of bluff and backlandt
1. Glacial till
2. Glacial sand and gravel
3. Dune sand
4. Lacustrine samd and gravel
5. Lacustrine silt or clay

Examples: Ah-1, high upland of till, writh bluff.
Al-lA, low upland of till over lacustrine sand and

gravel, with bluff.

B. Low plain, genera2ll% without nip.
Materials of plain:

. to 5. Same as above
6. Stream alluviun, mainly gravel, srnd mud and silt
7. S'vavnp
8. Bedrock

If rsak leage or reef occurs in beach zone, r is added.
Example: B-2-r, lovr plain of glacial sand and gravel, writh reef

on beach,

C. Foredunes, mostly less than 20 feet high.
Cb, if low bluff or nip is present.
C, if no bluff or nip is present.

D, Old dunes, generally wooded and mostly more than 20 feet high.
Dh - high dunes, more than 40 feet high.
Dl - low dunes, less than 40 feet high.
If bluff is present b is added.
Exaple: Dlb, low dunes with bluff.

If dunes are on tops d is added,
Example: Ed, spit or bar writh dunes.

F. Bedrock upland with cliff.
Fh - high cliff, more than 20 feet high,
Fl - low cliff, less than 20 feet high.

.. Roed marsh in offshore or foreshore. Genernily no beach is present.
This typo occurs writh other basic types of coastal features.

Example: B-.-M: Low plain of lacustrine sand and gravel,
with reed marsh offshore.

R. Artificial fill. This genorally occurs with smo other basic types
of ooastal foatures.
Example: A3-24R, upland of glacial sand and gravel with bluff loss

than 20 foot highs with artificial fi.l along "shore."
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